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FLIGHT CONTROL ELECTRONICS 
RELIABILITY/MAINTENANCE STUDY 

W.W. Dade; R.H. Edwards; G.T. Katt; KX. McClellan ; and H.A. Shomber 

Boeing Commercial Airplane Company 


I.O SUMMARY 


The flight control electronics reliability/maintenance study is a modification of the ARCS 
(Airborne Advanced Reconfigurable Computer) program (NASA Contract NASl-13654). 
Tliis study expands the effort involving the collection and analysis of data concerning the 
reliability and maintenance experience of flight control system electronics currently in use 
on today’s passenger-carrying jet transports. 

United Airlines was selected to provide information on reliability, availability and mainte- 
nance parameters on the flight-control electronics system of their fleet of Boeing 747 air- 
planes. This study was further expanded to include operational data from the Pan American 
World Airways 747 fleet. These two airlines operate in different areas of the world and 
with widely different route systems. Major differences if any in tlie reliability/maintenance 
cost between these two airlines miglit be due to these operating differences. 

The results show that there is a close similarity in component failure rates and even closer 
similarity in system reliability as it relates to Category II Auto land capability. The actual 
in-service CAT II availability for both airlines shows little difference. 

Time between removals was tabulated as well as time between failures. The failure data 
supports the assumption of a Poisson process using the chi squared test. 

There are some dlflerences in the maintenance assessment, particularly in the component 
overhaul category. Any relationsliip between these differences and the operating environ- 
ment for each airline as described in this study could be rationalized. However, there are 
many other influences that bear on costing figures such as accounting procedures, level of 
in-house repair capability and size and maturity of airplane fleets. 


2.0 JNTRODUCTiON 

This study is a follow-on to the Aii'borne Advanced Reconfigurable Computer System, or 
ARCS, program (NASA contract NASl-13654) and expands the effort involving the collec- 
tion and analysis of data concerning the reliability and maintenance experience of flight 
control systeni electronics currently in use on today’s passenger-carrymg jet transports. 

The ARCS program was a one year study, part of which was to apply methods for assessing 
potential benefits and costs of fault tolerant computer tecimology as applied to future com- 
mercial transport avionics. Sponsorship was from NASA Langley Research Center under the 
Terminal Configured Vehicle (TCV) program. The program joined a team of airline, aircraft 
manufacturer and avionic systems manufacturer personnel to formulate a new fault-tolerant 
airborne computer system architecture. The resulting conceptual design was compared with 
contemporary system technology to determine its impact on airline profitability. 

It was understood that a need existed to establish a baseline assessment of flight control 
system avionics which included operational aspects, as well as a reliability a.nalysis. , . 

Follow-On Study 

The scope of this follow-on study was to bring together specific mformation on reliability, 
availability and maintenance parameters for a selected avionic control system and identify 
how tliey are influenced by the maintenance philosophy and policy of the using airline. 
United Airlines was identified as the source for this airline operational data. 

If it is a fact that each airline’s maintenance and operating methods differ widely, then the 
reliability and maintenance assessment established in this study would only be representa-.^ 
tive of an airline whose operating methods closely match those of United. With the above 
statement held to be trae, the ARCS follow-on study was further modified to include Pan 
American as a second source airline to provide operational data. With United being a 
domesticoperator and Pan American an overseas operator, any difference in maintenance 
and operating practices should stand out clearly. 

The purpose of this modified study was to present the analyses for the two airlines with a 
view to highlight differences where they exist, ■ 

Report Structure 

This report is organized into four major sections with a concluding cost summary and 
several appendixes. Section 3 covers tire Automatic Flight Control System (AFCS) descrip- 
tion with emphasis on individual component identifications and their relationsliip with the 
AFCS system and other systems. Section 4 describes the operating environment for each of 
the two airlines tliat provided data support involving flight control electronics. In Section 5 
the AFCS component failure rates are established and the system, reliability is calculated in 
terms of functional failure of tire Category II autoland capability. Section 6 presents the 


with the flight control system electronics. 

As the analysis andiesnlts nf this study were dependent on raw data extraetion from air- 

line records, much of this material IS presentea as appendixes. 

The BoeinBCommetcial Airplane 

coihr^rdions involving their airline operating procedures and maintenance philosophic . 



3.0 747 SYSTEM DESCRIPTION 

The flight control electronics for the 747 airplane consists of four separate automatic con- 
trol systems: autopilot/flight director system, automatic stabilizer trim system, yaw damper 
system, and auto throttle system. These systems provide automatic airplane stabilization 
about the pitch, roll and yaw axes and control the airplane \vith selective guidance from 
radio, compass, inertial navigation, and air data command inputs. The autopilot system is a 
two-axis (pitch and roll) system which operates the elevators and ailerons to automatically 
maintain altitude, airspeed and/or guide the airplane to designated locations and make 
automatic landings. Control functions are also translated into flight director commands for 
display on the pilots attitude director indicators (ADI’s), thereby providing the pilots flight 
attitude commands during manual operation or allowing the pilots to monitor autopilot 
operation. The yaw damper system operates the rudders to correct any periodic yaw oscil- 
lation (dutch roll) and assists in making corrdinated turns. Automatic stabilizer trimming 
relieves sustained elevator loads wiiich might be incurred due to fuel burnoff. The auto 
throttle system automatically maintains selected airspeeds and assists the autopilot when 
making automatic landings by adjusting engine thrust levers. 

Tlie following discussion lias been subdivided into five subsections dealing with the 
Autopilot/Flight Direction System (section 3.1), Automatic Stabilizer Trim System (section 
3.2), Yaw Damper (section 3.3), Auto Throttle (section 3,4), and Category II Operation^^^ 
(section 3.5). 

, 3.1 AUTOPILOT/FLIGHT DIRECTOR SYSTEM 

The Sperry SPZ-1 fail passive autopdot/flight director (AP/FD) system, as iliustrated in 
figure 3-1 , is an integrated autopilot and flight director system using common computa- 
tiomd components. The AP/FD system provides three independent F/D channels and two , 
A/P chaniiels (brickwall). Either A/P channel, as selected on an AP/FD mode select panel, 
can control the airplane roll and pitch axes control surfaces to selected automatic path 
guidance commands for all cruise modes of operation. Dual channel engagement is allowed 
only for automatic landing. A flight controller With pitch and turn knobs is provided for 
manual autopilot guidance. Any one of the three F/D channels can be selected by the 
captain or first officer for flight director guidance commands as indicated on attitude 
director indicators. 

Independence of each AP/FD channel is assured by isolation of power supplies, sensors, 
computers, aircraft wire bundles and shelf wire harnesses. Two hydraulic systems supply 
pressure for the elevatorpower control units (PCU’s) and aileron central control actuators 
(GCA’s) which are controlled by the autopilot channels. 

Output of the autopilot systems control electrohydraulic transfer valves on autopilot 
modules which are part of the PCU’s and GCA’s. Output of the modules mechanically 
control the hydraulic actuators through linkage which is balanced against spring-loaded 
detents in each module. During dual channel approaches, control surface commands 
generated by each A/P control module are force-summed into a nonjammable mechanical 
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Figure 3-1. -Basic 747 AFCS Configuration 
















least value voter. The mechanical voter linkage is balanced against the feel unit, failure of 
one channel is force-summf d by the linkage to provide a least value movement of the 
control surfaces. A failure of any component is balanced out by the mechanical voter there- 
by preventing unwanted control surface movement. During single channel or dual channel 
A/P operation, the pilot can override any unwanted commands without disengaging the 
A/P system(s) by moving his control wheel/column with sufficient pressure to cam-out 
the A/P moduie(s). Pressure transmitted through the control cables and feel unit causes 
the spring-loaded detents to unlock the mechanical linkage of the A/P module for as long 
as the pressure is held above the detent range. Releasing control wheel/column pressure 
allows the linkage to be locked by the spring-loaded detent and operation returns to normal. 
This same cam-out action is what allows the two A/P modules to operate together and 
operate as a least value voter during dual channel operation. 

The relationship between the Autopilot system and the primary or manual control system 
(ATA 27) is illustrated by the lateral and elevator control system block diagrams in figures 
3-2 and 3-3 respectively. 

The major electronic elements comprising the autopilot/flight director system for the 747 
aircraft are the following; 

AP/FD mode select panel (1) 

Flight controller (1) 

Flight mode annunciators (2) 

Pitch computers (3) 

Roll computers (3) 

Monitor and logic unit (1) 

Autopilot accessory boxes (2) 

Normal accelerometers (2) 

Each autopilot/flight director channel is integrated into the airplane navigation systems 
(ATA 34) to provide the required variety of autopilot functional .capabilities. These sys- 
tems, though not a dedicated part of the AP/FD system, provide navigational information 
required for aircraft path command computation. The following sensor systems interface 
with the autophot/flight director systems: 

Central Air Data Computer System (CADC) 

Magnetic Heading Reference System (MHRS) 

VOR/ILS Navigation System (NAV) 

Low Range Radio Altimeter (LRRA) 

Inertial Navigation System (INS) 

There are two each of these sensor systems in the basic 747 aircraft , 
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Figure 3-2.-Lateral Control System Block Diagram 
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The autopilot/flight director block diagram, shown in figure 3-4, illustrates the interference 
between the various dedicated and shared elements of the 747 system. It should be noted 
here that, as was shown in figure 3-1 , for the dualized sensor systems the number one or 
“A” channel sensor interfaces with both the “A” and “C” channel AP/FD computer while 
the number two or “B” channel provides data only to the B channel AP/FD computer. 


Control and Display 

For the following discussion refer to figures 3-5 and 3-6 for control and display component 
layout and location. 

Mode Select Panel-The AP/FD mode select panel (MSP) is centered on the lightshield 
section above the instrument panels and contains all switches required for autopilot and 
flight director mode selection, flight director operation and autopilot engagement. The 
MSP contains two solenoid held-three position A, ? engage switches, two flight director 
switches, one auto throttle switch with speed control and indicator, two course select 
controls with indicators, a three-position solenoid held course select switch, a rotary five- 
position mode select switch, a solenoid held back beam switch, an altitude select control 
with indicator, a tliree-position solenoid held altitude switch, and a three-position solenoid 
held TURB/speed switch. Associated green indicator lights illuminate when the auto 
throttle sv.'itch is on, back beam is on, or the altitude switch is positioned to ALT SEL or 
ALT HOLD. 

Flight ControUer-The flight controller is installed on the aft electronic section of the con- 
trol stand. A turn knob and two pitch wheels on the controller provide attitude commands 
proportional to their position during manual control of the engaged A/P channel. The 
controller is normally used when one A/P channel is eugaged in MAN. 

Flight Mode Annunciator Panel-One AP/FD flight mode annunciator panel is installed on 
the captain’s and one on the first officer’s instrument panel. Each panel is compsed of two 
sections; one section provides F/D flight mode annunciation, the other A/P warning and 
flight mode annunciation. An auto throttle warning light is on the left side of the annunci- 
ator panel. The flight director annunciators on the left side are: ALT SEL, NAV, G/S, 
FLARE and GO-AROUND. The autopilot annunciators on the right side area: ALT SEL. 
NAV, G/S, and FLARE. One A/P warninglight is on the right. One AUTO THROT warnin 
light is on the left. 


Pitch Channel Description and Operation 

The autopilot/flight director (AP/FD) pitch channel essentially comprises an electronic 
computer and a hydraulically operated control unit to automatically control the airplane 
in the pitch axis during autopilot operation. During flight director operation, the pitch 
channel visually relates to the pilot through instrumentation readout, the proper method 
to manually control the airplane in the pitch axis. 
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Figure 3-4.-AP/FD Component Interface Block Diagram 
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Figure 3-5.-AP/FD System Control and Display Components 
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Figure 3-6.-AP/FD Control and Display Equipment Layout 




The pitch channel comprises the AP/FD pitch computer, two linear ^ 

transformer (LVDT), an autopilot transfervalve, autopilot engage solenoid valve, t ^ 

bypass valve, two flight director go-around mode switches and two Hap actuated switches. 
The three AP/FD pitch computers are identical. Computers A and B are connected to 
autopilot/night director channels A and B, while computer C is used for flight director 

operation only. 

The pitch control channel receives input data from the following sources; 


Central air data computer (CADC) 

Low range radio altimeter 
VOR/ILS receiver 
Normal accelerometer 
Inertial navigation unit (Pan Am only) 

Pitch attitude gyro 
Pitch rate gyro 

Flight controller (pitch command wheels) 

The pitch channel computes the input data to a composite command that is ur.ed to actuate 
the following indicators and controls: 


Attitude director indicator (ADI) 

Flight mode annunciator lights 
Autopilot warning lights 
Elevator control surfaces 

As the PCU positions the elevator control surfaces in response to the composite command 
signal the autopilot and elevator LVDT positions are electrically compared at a summing ^ 
point.’ Any difference between their positions greater than the design tolerance is ft- hacK 
through the pitch computer to equalize both LVDT outputs (during dual channel LAND 
mode). The autopilot LVDT signal is also fed back to null out the command signal. 

The pitch computer is designed using solid-state devices and integrated circuits. The com- 
puter contains a pitch rate gyro and eight subassembly plug-in component cards. The plug- 
in cards are: power supply card, pitch logic card, vertical path conditioner card flare card, 
gain caHbrator card, gain control and sensor card, pitch servocontrol card, and flight direc- 
tor card. The signal flow section of the pitch computer is of the analog design which 
computes a command from three basic airplane derivatives; displacement, rate, and accelera- 
tion. The command signal computation relies on the use of high-gain operational amplifiers, 
summing amplifiers and integrators. The various input sensing signals sie amplified, 
summed and integrated where necessary (with respect to time) to provide the composite 
command signal to the PCU and ADI inputs. Pitch synchronization modulation, demodula- 
tion, and loop feedback also assist the command signal in accurately controllmg tlie aircraft. 
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The pitch computer contains common circuits for autopilot and flight director operation 
up to a separation point at which the command signal is applied to the PCU for autopilot 
operation and to the ADI for flight director operation. Pitch interlocks are solid-state 
digital circuits provided for all operating modes. 

Roll Channel - Description and Operation 

The roll A/P and F/D automatically controls the airplane in the roll axis during A/P opera- 
tion. During F/D operation, the Roll Computer provides a display CMD to aid the pilot in 
manually controlling the airplane in the roll axis. 

The roll channel receives input data from the following sources: 

True airspeed from the central air data computer 
Altitude data and logic from the low range radio altimeter 
Deviation signals from the VOR/ILS receiver 
Roll attitude gyro signals from the inertial navigation system 
Roll rate from the roll rate gyro (in Roll Computer) 

Manual roll commands from the flight controller turn knob 
Track and drift data from the inertial navigation system 
Magnetic heading from the magnetic heading reference system 
Course and heading select synchro inputs from the mode select panel 

The Roll Computer supplies a command to the central control actuator (CCA) package. 

As the CCA positions the aileron and spoiler control surfaces in response to the composite 
command signal, the A/P and aileron LVDT positions are electrically compared by the 
Roll Computer (during dual channel LAND mode) and any differences between their posi- 
tions greater than a predetermined tolerance is fed back through the Roll Computer to 
equalize both LVDT outputs. The A/P LVDT output is also fed back to null out the CMD 
signal. The F/D commands are displayed on the ADI. Flight mode annunciator lights and 
warning lights display the roll channel status. 

The operating modes for both the A/P and F/D as controlled by the Roll Computer are the 
following: INS, heading hold with turn control (MAN) and heading select (CMD), VOR/ 
LOC, ILS, and LAND. Additional modes for F/D commands are go-around and back-beam 
control. 

The Roll Computer contains computing and logic circuitry that translates information 
received from the airplane sensors into commands that control the autopilot (A/P) aileron 
hydraulic package and the flight director (F/D) attitude director indicator (ADI). The Roll 
Computer contains common circuits for A/P and F/D computations up to a separation point 
at which the command (CMD) signal is applied to a F/D CMD s ection and an A/P CMD 
section for further processing. 
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The signal computation portion of the Roll Computer is of analog design and functions to 
compute a CMD signal from three basic airplane derivatives, displacement, rate, and accelera- 
tion. The command signal relies on the use of high-gain operation amplifier, summing 
amplifiers, and integrators. The various input sensing signals are amplified, summed, and 
integrated to provide the composite command signal to the A/P and F/D sections. 

Monitor and Logic Unit 

The monitor and logic unit controls operation of the warning lights and autopilot engages 
switches. As a result, it is involved in both engage requirements and in the disengage/warning 
circuits. 

The unit contains logic circuits for single and dual-channel status monitoring and provides 
signals to actuate the autopilot warning lights and wailer (Aural Warning Device). 

Autopilot Accessory Boxes 

Two autopilot accessory boxes provide the necessary switching and signal conditioning 
required for autopilot operation. Accessory box no. 1 provides the following functions: 

Yaw damper-autopilot gain change interlock 
Compass coupler synchro excitation switching 
Standby power interlock— autopilot disconnect 

Dimming control and dimming override of flight mode annunciator lights 

Resistive loads for pitch and roll attitude gyro, elevator LVDT no. 1 and go-around 
switches 

Back beam -ADI localizer needle bias interlock 

Accessory box no. 2 provides the following functions; 

Dimming control for autopilot and auto throttle disengage warning lights 
Disengage and flasher control for auto throttle warning lights 
Instrument transfer interlock return A/P switch to MAN 
Nav test inhibit when A/P radio mode selected 

Low range radio altimeter (LRRA) test inhibit when glide slope captured 
Flare arm and flare initiate control for auto throttle system 

Glide slope and localizer arm control for central instrument warning system (CfWS) 
computer 

CIWS inhibit by LRRA 50-foot trip 
VOR/LOC antenna transfer after localizer capture 

Resistive loads for nav receiver accelerometers, roll and pitch attitude gyros and, 
elevator LVDT no. 2. 
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3.2 AUTOMATIC STABILIZER TRIM SYSTEM 


The automatic atabillzer trim system positions Ute horizontal stabilizer to 

loads. The system is a dual channel (A and B) computer system providing stabilizer trim 

whenever the autopilot is engaged. 


One automatic stabilizer trim unit (ASTU) and one stab trim interface unit contain circuits 
to both trim channels A and B. 


The automatic stabilizer trim system receives input data from re 

(LVDT’s Feel Computer) and elevator position LVDT’s, The ASTU provides a disc 
command signal to actuate the horizontal stabilizer. Stabilizer limit switches and ^‘^vator- 
operated switches prevent the stabilizer from trimming if the stabilizer trimnip or trim- o 
liniit is reached or if the control column (elevator) is moved in opposition to stabilizer 
trimming action. 

Each channel of the ASTU provides trim arm and trim control functions in addition to 
fault detection and warning control. During si’ gle channel autopilot operation, the trim 
channel associated with the engaged AP/FD channel provides stabilizer trunmmg. During 
dual-channel aiitopdot operation (LAND mode), the channel engaged first provides stabilizer 
trimming and the remaining channel is placed in standby ; if the active trim channel detects 
a failure the standby channel is automatically transferred into tlie system. 


The stabilizer trim interface unit contains interlock relays for controlling manual trim 
automatic trim channel transfer and interlocking functions. 


3.3 YAW DAMPER SYSTEM 


Two identical yaw damper systems control the upper and lower rudders. Each system 
monitors airplane yaw rate and positions the rudder to compensate for periodic yaw oscil- 
lations (dutch roll). Correction signals are applied to the rudder packages during manual 
and autopilot controUed flight to displace the upper and lower rudders sufficiently to damp 
out any yaw oscillations of the airplane. Rudder displacement is limited to 3.6 degrees. 

The yaw damper system also provides a turn coordination feature which improves amplane 
response during turn maneuvers when the flaps are down at least 1 . System^ gains are also 
changed as a function of flap position. When the flaps are down, the roll attitude signa 
from the INS is introduced to provide rudder displacement proportional to roll raie. ihe 
roll attitude signal is not used when the flaps are up. The yaw damper system is normally 
engaged for all flight modes and operates full time. 

Each system includes one engage switch and a test switch (on yaw damper control panel), a 
yaw damper computer, and a rudder power control unit. 


Control and test of each yaw damper system is accomplished from the flight compar m 
by means of two engage and two confidence test switches (one for each channel) located on 
the yaw damper control panel as illustrated in figure 3-7. The captain s and first officer 
rate-of-turn indicators use signals provided by a rate gyro in the yaw damper compu er. 


3,4 AUTO THROTTLE SYSTEM 


The auto throttle system automatically moves all four thrust levers, in response to preselec e 
airspeed commands, thereby causing the airplane to acquire and mamtain the selected 
airspeed. The system is normally used during approach maneuvering and the anding phases 
of flight. If two autopilot channels are engaged, the auto throttle automatically retards the 
thrust levers as the airplane descends through the final 30 feet of the flare maneuver. The 
pilot can manually override auto throttle thrust lever positioning. Clutches between ttie 
thrust levers and auto throttle drive mechanism drive the thrust levers when pressure is 
applied from the drive mechanism. The clutches slip when a small amount of pressure is 
applied directly to the thrust lever handles. 


The auto throttle system is engaged with a switch on the autopilot/flight director (AP/FD) 
mode select panel. (See figure 3-8, sheets 1 and 2.) Reference airspeeds are selected with a 
rotary control on the AP/FD mode select panel. A digital readout ranging from 101 to 259 
knots is presented in a window above the control and by a servo-driven bug (pointer) in 
the airspeed indicators (ASI). Stops on the control are at 101 knots and at approximately 
395 knots as indicated by the servo-driven bug on the ASI’s. Small overspeed and under- 
speed indications are provided by a fast-slow pointer on the captain’s and first officer s 
attitude director indicators (ADKI’s). Pitch attitude signals used by the auto throttle 
computer are obtained from inertial navigation system no. 2. Flare logic is obtained from 
the AP/FD systems. Altitude data is obtained from low range radio altimeter no. 2. Limit 
switches installed on a microswitch assembly on the forward end of the control stand 
monitor tlmist lever position and automatically stop auto throttle operation. The primary 
elements of the auto throttle system are one auto throttle computer and an auto throttle 
servo. The computer contains nine modules; a calibrator module, computation module, 
command module, self-test module, switching module, servo module, auxiliary module, 
power supply and accelerometer module. Solid-state analog computational and logic 
circuits are used throughout for signal processing. 


The auto throttle system components are: one auto throttle computer in the main elec- ^ 
tronic equipment rack El , an auto throttle, on-off switch, airspeed select control ^ d digital 
indicator on the AP-FD mode select panel on the PIO panel; an auto throttle warning light 
on the captain’s and first officer’s flight mode annunciators, eight limit switches in the 
microswitch assembly on the forward end of the control stand, four disconnect switches 
(one on each thrust lever), one servomotor-generator, thrust lever drive mechanism and 
clutch pack assembly in the control stand, circuits in AFC accessory box-2 and one relay in 
instrument switcliing accessory box P73 in the main electronic equipment centei, an air- 
speed bug and servo-driven synchrotel in the captain’s airspeed indicator, an airspeed bug on 
the first officer’s airspeed indicator, and fast-slow indicators in the captain’s and first 
officer’s ADI’s. 
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3.5 CATEGORY II SYSTEM DESCRIPTION 


Authority for full Category II operations down to I200-ft mnway visual range (RVR) an 
a decision height (DH) of 100 ft for the 747 airplane is contingent upon the dual channel 
automatic land mode being fully operative. Failure of any element, real or nuisance 
(transient), which results in a loss of full dual channel operational capability necessarily ^ 
results in the affected aircraft being restricted from operating into such low visibility weather 
condition. For the sake of completeness, it should be noted here that there is a restricted 
Category II operational classification which permits operations down to 1600 ft RVR and 
DH of 1 50 ft with one autopilot channel inoperative provided the ‘ C channel flight 
director is operative in the ILS mode. 


To sa-' .fy the full Category II criteria defined above requires that the following avionic 
equipment be installed and operational: 


Pitch Computer (A&.B channel) 

Roll Computer (A&B channel) 

Monitor and Logic Unit 
Mode Select Panel 

Autopilot Accessory Boxes # 1 and #2 
Automatic Stabilizer Trim Unit 
Stabilizer Trim Interface Unit 
Normal Accelerometers #1 and #2 

VOR/ILS Receivers#! and #2 (Localizer and Glideslope beam error) 

Radio Altimeter #1 and #2 

Central Air Data Computers #1 and #2 (Altitude rate) 

INS’s #1 and #2 (roll and pitch attitude) 

This configuration is illustrated by the Category II system interface block diagram on 
figure 3-9. For the sake of clarity, the interface between the AFCS accessory boxes and 
the various sensor and computer elements has been deleted from this figure. Yaw dampei 
and auto throttle systems are not required for Category II operations. 

Other avionic equipment required for Category II operations though not associated with 
the flight control system include: Marker Beacon Receiver, Instrument Comparator and 
Warning System, ADI (radio altitude display, and windshield wipers and rain repellent). 

Even in the dual LAND mode of operation the AFCS is a “brickwaU” system employing a 
single mechanical voter at the servo actuator. Because of the “brickwall” nature failure of 
any single element causes the system to fail passively in a safe manner. Such failure condi- 
tions are detected either by in-line monitoring within the individual channels or by ‘ cam- 
out” of the dual actuator mechanism. 
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4.0 OPERATING ENVIRONMENT 


4.1 UNITED OPERATING ENVIRONMENT 

The UA Maintenance program as it relates to the components in this study is basically one 
of condition monitoring rather than time replacement. UA has developed the LIBRA 
'' (Logical Information Based on Reliability Analysis) system for monitoring which depends 

on a first stage of performance measure through unscheduled removal rates and effect on 
flight by schedule interruptions. If a trend of that data indicates a need for further amplifi- 
cation of data it is possible to add confirmed failures, failure modes, line reported deficien- 
cies and their corrections and pilot reports either by fleet, by airplane tail number or com- 
ponent serial number. UA does not preestablish alert levels in their data systems but base 
their action on logic using as much data as is feasible to determine the cause when a trend 
indicares such a study is desirable. 

The MEL (Minimum Equipment List for Flight Release) is a list approved by the FAA 
which permits revenue flight w'*’ ’ items inoperative when remaining operative equip- 
ment provides for continued sai n. In some instances the flight may be restricted 

as a result of such inoperative items>. 

FAA Regulatory implementation as related to these components is established by the FAA's 
acceptance of the UA monitoring system and they are only involved when UA proposes a 
change to the system at which time UA uses whatever data is required to establish that 
change. Such a change could involve parts modifications or revisions to maintenance 
procedures. 

The FAA also makes periodic audit of all airlines maintenance programs by means of a 
team of FAA specialists who study the airlines data and facilities to check the validity and 
effectiveness of the airline’s procedures and compliance with the approved maintenance 
program. The UA 747 schedule operation and related maintenance facilities involve twelve 
stations, all located in cities within the United States. Four stations with 67% of the reve- 
nue flights are related as “prime” where manpower and facilities permit all discrepancies 
to be fixed, four stations with 6% of flights are rated as “support” where items required 
for dispatch are fixed but which are equipped to do a bare minimum of work, two stations 
with 25% of flights are rated as “service” where items required for dispatch are fixed but 
are equipped to do other specialized work as instructed by the operations center, two 
^ stations have no maintenance capability and are serviced as required hy nearby stations 

with adequate facilities. 

San Francisco is the main base for UA 747’s and all overhaul work is accomplished there. 

^ San Francisco as an operating station is handled as a separate organizational entity and is 

classed as one of the prime stations. 


23 


4.2 PAN AMERICAN OPERATING ENVIRONMENT 

The PA maintenance program as it relates to the components in this stady, is also one of 
condition monitoring rather than time replacement. PA monitors their fleet on a monthly 
and year-to-date review of schedule interruptions by system, with prescribed tolerance 
levels to provide an alert warning. An alert obligates PA to make a further study of rernoval 
rates, shop findings or line discrepancies either by total fleet, individual airplane or indi- 
vidual serial number component to establish the need and nature of corrective action to 
be initiated. 

The FAA regulatory implementation is by means of the maintenance program. They 
receive the monthly reports with the alerts flagged and any further studies or corrective 
actions are included to show resolution of those and earlier alerts. 

The FAA audit team visits PA the same as UA. 

The PA 747 schedule operation and related maintenance facilities involved with this study 
include some 42 stations. 50% of all flights are out of U.S. stations, 29% out of European 
stations, 14% out of stations in the Orient, 4% out of Pacific stations and 3% out of Central 
and South American stations. (Fig. 4-1 ) 

Two base stations with facilities to correct all discrepancies have about 21% of all flights. 
Six additional stations with avionics specialists and spares have 43% of flights. Five addi- 
tional stations have limited spares capabilities in these components and have 1 1% of the 
flights. In summary thirteen stations with 75% of the scheduled flights have some level of 
capability to correct problems in this system. Other stations may be required to make 
corrections as directed by PA j Technical Center by swapping parts from one plane to 
another depending on schedule overlap times or on the difference in the needs of flights to 
different destinations per the MEL. JFK (New York) is the Main Base for PA 747 s and 
all overhaul work is accomplished there. As an operating station it is classed with SFO 
(San Francisco) as a Base station. 

4.3 DIFFERENCES IN OPERATING ENVIRONMENT 

Differences in maintenance practices between UA an ' i’/* : re as follows: Both airlines 
maintain a close surveillance of each airplane on a ?-lhc l ! asis through a central technical 
control and by the use of technical specialists who n.oniiu’- dll problems that are en- 
countered. The significant difference seems to be tha PA due to their route network 
(figure 4-2) have developed a system of auditing the pi -Pik . resolutions and issuing direct 
requests or orders to the stations as to progressive trouble snooting and corrective actions 
where as UA maintains more of the authority at each ; ■ ation, but provides their stations 
with a computer terminal through which they can review all related problems on any air- 
plane for several earlier flights. 



PA OPERATING AND MAINTENANCE CONTRACT STATION 

MAINTENANCE CONTRACT STATIONS ONLY 

747 

CARGO ONLY 
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BRUSSELS 

BUCHAREST # 

BUDAPEST 

BUENOS AIRES 


CARACAS 

CHARLESTON 

CHICAGO 

COPENHAGEN 

COTONOU 


DACCA • 

DAKAR 

DALLAS/FT. WORTH 

DAMASCUS (SI 

DAR ES SALAAM 
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DETROIT 
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BSB 

BRU • 
BUH 
BUD 
BUE 


HAMBURG 
HONG KONG 
HONOLULU 
HOUSTON 


ISTANBUL # 


X JOHANNESBURG 


KABUL • 

KBL 

KARACHI 

KHI 

KINSHASA 


KUALA LUMPUR 

KUL 

LAGOS 

LOS 

LIBREVILLE 

LBV 

LISBON 

LIS 

LONDON 

LON 

LOS ANGELES 

LAX 

MADRID 

MAD 

MANAGUA 

MGA 

MANILA # 

MNL 

MARACAIBO 

MAR 

MCGUIRE AFB 

WRI 

MELBOURNE 

MEL 

MtlPiDA 

MID 

MEXICO f'lTY 

MEX 

MIAMI 

MIA 

MONTEVIDEO 

MVD 

MOSCOW 

MOW 

MUNICH 

MUC 


OKINAWA 
X OSAKA 
X OSLO 


PAGO PAGO 
PANAMA CITY 
PHILADELPHIA 
PORTAU PRINCE 
PORTLAND 
PORT OF SPAIN 
PRAGUE 

RIO DE JANEIRO 
ROBERTS FIELD 
ROME 


SAN JOSE 
SAN JUAN 

X SAN SALVADOR 

X SANTO DOMINGO 
SAO PAULO 
SEATTLE 
SINGAPORE 
STOCKHOLM 

X STUTTGART 
SYDNEY 

X TAIPEI 
TAHITI 
TAMPA 

X TEHRAN # 
TOKYO 


WARSAW 

WASHINGTON 


NAIROBI 
X NANDI 
X NUREMBURG 


GEORGETOWN 

GLASGOW 

GUAM 

GUATEMALA 


GEO 

GLA ■ ■ X 
GUM ■ X 
GUA • X 


Figure 4- l.—Pan American Line Stations 
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Figure 4-2. -Pan Am World Routes 









Although PA uses an alert system to originate studies it is much more likely for the problem/ 
component in this study to become apparent to the Technical Control Center when a 
problem is developing and they in turn will refer the problem to the engineer and/or quality 
controller involved for a coordinated study and resolution. For longer range review a 
computerized system of capturing log page information is used (figure 4-3). In addition 
PA uses a documented Malfunction Reporting System in their flight operations which pro- 
vides a well defined statement of the problem for the mechanic after the flight crew has 
exhausted all possible inflight tests. 

Because of the distance between PA maintenance base and its stations they have developed 
a probability analysis approach to station spares replenishment. The analysis is further 
refined by an engineering judgment ovendew that may alter the amount for some spares 
and/or at some stations. Only 68% of Pa’s flights are into stations with facilities for auto- 
matic landing which reduces their exposure to problems. There appears to be no major 
difference in the two airlines’ maintenance pliilosophy and regulatory constraints as applied 
to the Automatic Flight Control system. 
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5.0 RELIABILITY ASSESSMENT 
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5.1 RELIABILITY ASSESSMENT - UNITED 


The reliability of the 747 flight control system electronics can be evaluated from sever 
viewpoints, e.g.. failure rates of individual elements, system functional reliability, avail- 
ability, etc. For the purposes of this study we have attempted to evaluate the system reli- 
ability from all aspects for which sufficient data was available from Umted Airlines operatmg 
and maintenance records. This includes an assessment of the individual failure rates each 
the elements associated with the electrical flight control system, an assessment of the failure 
characteristics of each element, an evaluation of the full category II system functiona 
reliability as projected from the failure rates of the individual components, and an evaluation 
of the achieved availability of the full cateogry II configuration flight control system. 


In the course of this study two parameters which are fundamental to the study of reliabihty 
were found to have different definitions depending on who is doing the evaluation. 1 hese 
two ambiguous areas are the definition of failure and the definition of time. To some investi- 
gators, an element is only considered to have failed for reliability purposes when that failure 
can be directly related to the flight log entry from wliich it was removed. If this relationship 
cannot be directly identified, i.e., the failure was found incidentally to the reason for 
removal, the failure is not counted for purposes of reliability determination. Furthermore, 
the parameter of time can be defined in two ways; equipment operating time and airplane 
flight time. These two time measurements are not the same, though they are proportional. 
Studies at United Airlines have shown that the ratio of operating to flight time is approxi- 
mately 1 .3 to 1 . 


In general for this study, any faUure found by the maintenance shop was considered in 
deriving unit failure rates and failure rate characteristics. Where a distinction has been made 
between the two classifications of failures for purposes of clarification, the two are clearly 
designated as “verified” failures and “incidental” failures. Time values used in this study are 
aU based on airplane flight time. Conversion to operating times can be made simply by 
applying the 1 .3 to 1 time factor. 

The discussion which follows is subdivided into four major sections dealing with component 
failure characteristics (section 5.1.1), system functional reliability (sections 5.1.2 and 5.1.3), 
and system availability (section 5 . 1 .4). 


5.1.1 COMPONENT RELIABILITY EVALUATION 

In the tables and discussion wliich follows, the failure characteristics for each of the line 
replaceable units (LRU’s) associated with the 747 fliglit control system electronics are 
described. These discussions have been subdivided into separate sections dealing with major 
computers dedicated sensors, servo and control and display elements and shared sensor. 
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Failure information on each of the LRU’s was initially obtained by reviewing component 
inspection and removal (I&R) tag liistories for all removals during the period from July 1975 
through June 1976. A summary of the information obtained from these reviews is contained 
in appendix A. From the I&R tag histories the following information was obtained; 

• Number of removals 

• Number of failures 

• Number of verified failures 

• Failure manifestation (verified failures only) 

• Causes for unverified/unjustified equipment removals 

Where required, or at least desired, this information was supplemented by a review of the 
shop maintenance records dating back, in many cases, to 1970 and 1971. 

Where a 1 year failure history was used as the sole source of failure rate information, the 
failure rate with appropriate confidences levels were computed based on the total operating 
time during the sample period and the total number of failures observed. This calculation 
begins with the assumption thatfor electronic equipment failures are generally Poisson 
distributed. For large values of XT, where: 

X = mean failure rate 


T = observation time. 

The Poisson distribution tends to a normal distribution. Since: 
mean = X * T 
variance = a = X • T 

The number of failures F inside an interval will, if they are many, tend to a normal 
distribution. 

The confidence interval is found from tables over the normal distribution. As an example: 
90% confidence 


F - (X • T) 


> -1.2816 


yx-T = 


1.2816 





+ F 


30 


60% confidence 


/= 0.2533 //o.2533^2 

V^-T = — + 7^— +F 

This approximation gets better for large values of X • T. By inserting into the above equa- 
tions the observation time period and the number of failures incurred, it is then a simple 
calculation to find X. This approach has been followed in all of the following component 
reliability computations. 


Major Computers 


Being the core or foundation of the flight control system for the 747 airplane, a major 
effort was expended analyzing the major computer elements. Those LRU s considered to 
fall into this category are the following: 

Pitch Computer 
Roll Computer 
Yaw Computer 

Monitor and Logic Unit (MLU) 

Auto Stab Trim Unit 
Auto Throttle Computer 

In order to assess in greater detail the failure characteristics of the above listed equipment, 
we attempted to compute the actual number of hours from one failure to the next. A 
one year historical record proved to be too short a period of time in wliich to do this 
since most items under study had no more than one failure during that time. Therefore 
the study scope was expanded to include the installation and removal records for each 
unit dating back to the beginning of shop maintenance records (1970-71). An example 
of one of these shop records is shovra in figure 5-1 . These shop records were translated into 
a chronological lustory of each unit, by serial number, by tracing individual unit serial 
numbers installation and removal histories. This complete translation for each of the major 
computer units is given in the tables of appendix B. 

As can be seen in appendix B a great deal of information was found to be either missing or 
conflicting making it difficult at best to accurately track unit “times-to-failure.” 

Because of that we were forced to do some estimating and extrapolating to fill in operating 
times where the records were incomplete. Using tliis approach then provided us with 
enough data points on wHch to base some meaningful failure rate calculations. 

The summarized failure times for the computer units is given in the table in each section. 

In these tables the LINE column refers to the line of the complete table (appendix B) from 
which the failure time has been derived. The DATA SOURCE column identifies where the 
data was obtained empirically based on actual (A) records or estimated (E) because of 
missing infoimation. 
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Rcpdirs msdGi A5A8 rGpIsced a/c failGd ^193 ATE. 

A4A8 replaced a/c failed 71-66 on card and 133.1 and 135.1 ATE. 


801 D 5-30-72 


No A/P flare capture. 


Repairs made: Normal overhaul comp mod B COA S-0587. 


8026 6-7-73 


Repairs made: RepI 


01624 


A-7 card (SH0050276) a/c fails 244, -245, -245.1 . -246. -247, -248, -249, -249.1,-251.-250.1 (found A ,’A1 bad) PDH^ 


8004 8-29-74 


Repairs made: Normal overhaul 1 

8019 4-16-75 13186143 

18 "A" A/P will not eng and fails self test 3, 6 & 7 

X 

E2834 

4-19-75 

Repairs made: With this unit installed. 

No mal found. C/H 
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Figure 5-1 .-Monitor and Logic Unit Shop Record 







Failure rate characteristics ai-e illustrated by plotting the number of failure occurrences 
which were observed within a certain time-to-failure window. In other words the number of 
failures from the table which occurred within a time window of 200 to 400 hours has been 
•plotted as a magnitude at 400 hrs. etc. 


Tliis method of computing mean failure rates has been defined as method I. Method II is 
an estimate based on a one year sample period from 7/1/75 through 6/30/76. These failure 
rates are therefore given with appropriate confidence levels where the confidence applies 
to the probability that the computed failure rate is less than or equal to the calculated value. 


Pitch Computer 

a) Failure Rate (refer to table 5-1 and appendix A) 


Method I (complete history) 

425 failures/ 10^ hrs MTBF = 2354 hrs 

Method II ClSj'ie data) 

(3 units/airplane) (53808 airplane fit hrs) = 161424 unit hrs 

(58 verified failures + 26 incidental failures) == 84 total failures 

90% confidence < 598 failures/ 10^ hm 

MTBF > 1671 hrs 

60% confidence - X < 535 failures/ 1 0^ hrs 
MTBF > 1869 hrs 

Method III 

84 total failures x 10^ hrs _ 520 failures 
161424 unit hrs 10^ hrs 

b) Failure Rate Characteristics - figure 5-2. 

c) Failure Manifestations 


Performance Anomally 

42% 

Failure/Waming Indication 

26% 

Fails BITE Test 

16% 

Inoperative 

10% 

Engage/Disengage Problem 

4% 

Other 

2% 
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Table 5-1.— Pitch Computer Failure Times 


Sperry Part No. — 2590622-908 


United MR No. - 22093 


UNE 

UNIT DATA 
S/N SOURCE 

TIME 

4-7 

2 

E 

4200 

8 


E 

599 

H-13 

3 

E 

2869 

14-17 


E 

1165 

18-19 


£ 

844 

20 


A 

231 

26 

4 

E 

3719 

32 

5 

E 

308 

33-35 


E 

7765 

40 

6 

E 

1747 

41-43 


E 

2909+ 

52-53 

8 

E 

2442 

54 


E 

10516 

55 


E 

1345 

56 


E 

1064 

57 


A 

430 

58-66 

9 

E 

9870+ 

68 

10 

E 

616 

69 


A 

1382 

70 


A 

1357 

76-79 

11 

E 

3516 

80 


E 

2128 

81 


A 

1111 

85-87 

12 

E 

1664 

89-90 

Invalid - 

■ Same Problem 

95-96 

13 

A 

3210 

108-109 

15 

E 

1512 

113-114 


E 

1860+ 

117-120 

17 

A 

6547 

130-131 

19 

E 

9779 

132 


A 

1762 

137-138 

20 

E 

684 

139-140 


A 

2672 

142-150 

Invalid 

- Same Problem 

153-154 

22 

• A 

230 

158-165 

Invalid 

- Same Problem 

167-168 

24 

E 

2189 

173-175 

25 

E 

667 

176-178 

Invalid ■ 

- Same Problem 

185 

26 

A 

75 


90 Entries 


X = 2354 
8 = 2289 


UNIT 

DATA 


LINE 

S/N 

SOURCE 

TIME 

196 

28 

E 

272 

197 


A 

1561 

198-199 


E 

1710 

200 


E 

36 

211 

30 

A 

343 

216 

31 

E 

2830 

217 


E 

4307 

218 


A 

630 

219 


E 

5410 

220 


A 

1010 

223 

32 

£ 

2964 

224 


E 

1886 

239 

35 

E 

2855 

244-247 

36 

E 

1067+ 

249-252 

37 

E 

6432 

254 


A 

3857 

260 

38 

E 

532 

261 

Invalid 

- Same Problem 

264-265 

39 

E 

4400 

269-272 

40 

E 

4738 

275-276 

41 

E 

2956 

277 


A 

113 ‘ 

278 


A 

224 

279-280 


A 

1464 

284 

42 

E 

5368 

298-300 

44 

E 

3241 

303-304 

45 

E 

4756 

305 


A 

51 

309-310 

46 

A 

282 

317 

47 

E 

2592 

319-320 


E 

3105 

324 

48 

E 

912 

328 

49 

A 

2751 

329 


E 

68 

342 

51 

E 

1782 

343 


E 

3702 

344 


A 

272 

346-348 

52 

E 

4910 


34 


Table 5-1. -(Concluded) 


90 Entries 

Speri^ Part No. — 2590622-908 J = 2354 

United MR No. - 22093 s = 2289 










Roll Computer 


a) Failure Rate (refer to table 5-2 and appendix A) 

Method I (complete history) 

383 failures/I 0^ hrs MTBF = 2613 hrs 

Method II (’75/’76 data) 


(3 units/airplane) (5380S fit hrs) = 161424 unit hrs 

(58 verified failures + 13 incidental failures) = 71 failures 

90% confidence — A < 512 failures/10^ hrs 
MTBF > 1953 hrs 

60% confidence — A < 453 faiIures/10^ hrs 
MTBF > 2206 hrs 


Method III 


71 total failures x 10° hrs 

440 failures 

1 6 1424 unit hrs 

10^ hrs 

Failure Rate Characteristics — figure 5-3 . 

Failure Manifestations 


Performance Anomally 

25% 

Failure/Waming Indication 

9% 

Fails BITE Test 

38% 

Inoperative 

6% 

Engage/Disengage Problem 

17% 

Other 

5% 
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Table 5-2.— Boll Computer Failure Times 

121 Entries 


Sperry Part No. - 2590623-907 A = 2613 

Uaited Airlines No. — 22092 s = 2455 



UNIT DATA 



UNIT 

DATA 


LINE 

S/N SOUBCE 

TIME 

i LINE 

S/N 

SOURCE 

TIME 

2 

1 E 

2220 





3 

E 

1915 

151-152 

18 

E 

616 

4 

A 

2416 

153-156 


E 

2214 

6-7 

E 

6898 

157 


E 

2176 

11 

2 . E 

1800 

159 


A 

3117 

12 

E 

3388 

! 166 

20 

E 

1782 

13 

A 

5480 

i 167 


E 

1914 

16-20 

Invalid - Same Prbblem 

i ' 170 


E 

9140 

23 

4 A 

897 

' 171 


A 

504 

24 

E 

946 

1 173 

21 

E 

1782 

25-26 

E 

13500 

174 


E 

2871 

32-33 

6 E 

1485 

176 


E 

1276 

34 

E 

1276 

176-177 


E 

3690 

36-36 

E 

7120 

178 


E 

4942 

37 

A 

1670 

185 

23 

A 

143 

39 Invalid - Same Problem 

186 


E 

1626 

40 

7 E 

271 

187 


A 

1417 

41 

E 

3100 

188-188 


E 

4930 

42 

A 

2559 

190 


A 

1126 

60-62 

10 E 

699 

193 

24 

A 

1665 

■63 

A 

1914 

194-196 


E 

5756 

64-65 

E 

2052 

197 


A 

1673 

66 

A 

49 

201 

25 

A 

164 

70 Invalid - Belated Problem 

202 


E 

930 

71 

11 E 

1595 

203-205 


E 

3640 

72 

A 

531 

206 


E 

3000 

73 Invalid Same Problem 

210 

26 

A 

6921 

74 

E 

2214 

211 


A 

1437 

79-84 

12 E 

345CH- 

214-216 

27 

E 

550 

85-89 

E 

610 

217-219 


E 

570 

90 Invalid;- Same Problem 

220-221 


E 

4892 

101-102 

14 E 

2868 

222 


A 

91 

103 

A 

102 

225-230 

28 

E 

5996 

108 

15 E 

4147 

238-239 

29 

E 

3137 

109-112 

E 

4842 

240-242 


A 

4209 

113-114 

E 

912 

244 

30 

A 

4554 

135-137 

16 E 

7020 

245 


E 

123 

139 

A 

600 

246 


A 

6624 

142-143 

A 

3524 

247 


A 

47 

144-145 

E 

5166 

248-249 


E 

718 

146 

E 

532 

250 


A 

1275 
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Table 5-2.~(Concluded) 


Sperry Part No, — 

United Airlines No. — 

2590623-907 

22092 

UNIT 

DATA 


LINE S/N SOURCE 

TIME 

253 

31 

E 

297 

254 


E 

6452 

255 


E 

3208 

•256 


E 

3234 

257 


A 

2374 

261-264 

32 

E 

3534 

265 


A 

1403 

270-272 

33 

E 

13500 

279-280 

35 

E 

503 

281 


E 

912 

282 


A 

570 

283-284 


E 

1744 

287 

36 

E 

1276 

291-292 


E 

33 SI 

293 


A 

294 

294 


A 

639 

298 

38 

A 

1767 

299 


A 

224 

300-301 


E 

171 

302 


E 

228 

303 


A 

892 

313-317 

Invalid 

- Same Problem 

318 

40 

E 

1140 

320-321 

Invalid 

- Same Problem 

322 

41 

E 

5014 

323 


E 

1632 

324 


A 

690 

325-326 


E 

3298 

338 

43 

A 

1679 

342 

44 

A 

4462 

• 343 


E 

1904 

344-348 


E 

4480 

349-351 


E 

9044+ 

353 

45 

A 

352 

356 

46 

E 

319 

357-358 


E 

8750 


OEIGINAL PAGE IS 
OF POOR QUALITY 


121 Entries 
X = 2613 
s = 2455 


UNIT DATA 

UNE S/N SOURCE TIME 


373-376 

• 49 

E 

8640 

383 

52 

A 

1250 

384-385 

Invalid 

- Same Problem 

390-391 

53 

E 

5980 

393-394 

53 

E 

798 

396-401 

54 

E 

3809+ 

402-405 

Invalid 

- Same Problem 

407-411 

55 

E 

7130 

413-414 

56 

A 

694 

41S-420 

57 

A 

4696 

424-425 

58 

A 

1052 

426 


A 

171 

427-428 


E 

1368 

441-442 

Invalid 

- Same Problem 



Yaw Computer 


a) Failure Rate (refer to table 5-3 and appendix A) 

Method I (complete history) 

232 failures/ 10^ hrs MTBF = 4305 hrs 

Method II (’75/’76 data) 

(2 units/airplane) (53808 airplane lirs) = 107616 unit hrs 

(16 verified failures + 4 incidental failures) = 20 failures 

90% confidence - X < 247 failures/10^ hrs 
MTBF > 4044 hrs 

60% confidence — X ^ 197 failures/ 10^ hrs 

MTBF > 5085 hrs 

Method III 

20 total failures x 10^ hrs _ 186 failures 


107616 unit hrs 

10^ hrs 

Failure Rate Characteristics - figure 

54. 

Failure Manifestations 

Performance Anomally^^^ 

33% 

Failure/Waming Indication 

20% 

Fails BITE Test 

20% 

Inoperative 

13% 

Engage/Disengage Problem 

0% 

Other^^^ 

13% 


(1) Intermittent turns (“kick) either left or right 

(2) Mostly Oscillatory 


^KIGINAL PAGE IS 
OF POOR QUALITY 


Table 5-3.- Yaw Computer Failure Times 


Bendix Part No. ~ 1964212-2 

United Airlines Part No. — 22138 



UNIT 

DATA 



UNIT 

UNE 

S/N 

SOURCE 

TIME 

UNE 

S/N 

2-6 

1 

E 

7717 

132 

16 

7-9 


E 

7623+ 

135-139 

17 

11 

2 

E 

16241 

141 

18 

13 

3 

E 

10462 

149 

19 

14-15 


E 

3144 

150-152 


21 

4 

A 

324 

157-159 

21 

23 


A 

224 

160 


26 


A 

48 

161 

21 

27 


A 

11499 

163-164 

22 

28 


E 

510 

170-172 

23 

30-31 

5 

E 

2473 

175-176 

24 

32-33 


E 

3219 

177-178 


34-35 


E 

919 

180-181 

25 

41 

6 

A 

6052 

184 


42-43 


A 

3175 

187 

26 

47 

7 

A 

3003 

190 

26 

48 


A 

8703 

192 

27 

54 


A 

1156 

193-194 


56-57 


E 

8035+ 

195-196 


59-63 

9 

E 

380 

197-200 

28 

64 


A 

8307 

207 

31 

65 


E 

2875 

209 


68 

10 

A 

105 

210-212 

31 

71-72 


A 

426 

219-221 

33 

73 


A 

621 

222 


74 


E 

1848 

'224 

27 

75 


A 

14 

227 

34 

77 


A 

8702 

228-233 


79 

11 

A 

1845 

235-236 

35 

80 


E 

14888 

237 

35 

85 

12 

A 

2063 

239-240 

36 

86-88 


E 

1326 

242 

37 

89 


E 

6826 

243 

35 

96-97 

13 

A 

543 

244 

37 

98 


A 

924 

245 


99-100 


E 

12176 

246 

38 

102 

14 

A 

1535 

247 

38 

104-105 


A 

4517 

219-250 


106-108 


E 

11538+ 

254-255 

40 

109-116 

15 

E 

3175^ 

259 

42 

117 


£ 

10 

261-262 

43 

121-122 

15 

£ 

7106+ 




tiitr*es 
X = 4305 
a = 4125 

DATA 

SOURCE 


A 

E 

E 

E 

A 

E 

E 

E 

A 

A 

A 

E 

A 

A 

A 

E 

A 

E 


E 

E 

A 

A 

E 

A 

A 

A 

A 

E 

A 

E 

E 

A 

A 

A 

E 

A 

A 

E 

£ 

E 

£ 


TIME 

2539 

7930 

2675 

1914 

9136 

1330 

2788 

9515^- 

6347 

4479 

352 

13197+ 

9307 

329 

183 

13171+ 

1479 

1270. 

2848 

14827 

118 

71 

6158 

3895 

4020 

1413 

157 

4795 

2418 

6074+ 

5259 

2781 

727 

825 

4711+ 

3225 

588 

3922 

6210+ 

4456+ 

368&+ 
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Although the pitch, roll, and yaw computer ail include a rate gyro as an integral part of the 
LRU, in the case of the pitch and roll computers it is not a significant contributor to the 
unit failure rate. However, in the case of the Yaw Computer its rate gyro contributed to 
between 65 and 90% of all unit failures. 

Monitor and Logic Unit 

a) Failure Rate (refer to table 5-4 and appendix A) 

Method I (complete history) 

407 failures/1 0^ hrs MTBF = 2455 hrs 

Method II (’75/’76 data) 

1 unit/airplane 53808 unit hrs. 

(15 verified failures + 1 incidental failure) = 16 failures 

90% confidence -X < 409/10^ hrs 
MTBF > 2445 hrs 

60% confidence — X < 3 17/10^ hrs 
MTBF ^ 3 157 hrs 

Method III 


16 total failures x 10° 

hrs 297 failures 

53808 unit hrs 

10^ hrs 

Failure Rate Characteristics 

— figure 5-5. 

Failure Manifestations 

Engage/Disengage 

33% 

Warning Function 

33% 

Mode Light Function 

13% 

Fail BITE 

13% 

Caraout Detection 

7% 
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Table 5-4.-Monitor and Logic Unit Failure Time Summary 


Sperry Part No. 2591027- 
iTnited Airlines No. 22o9i 

902 




X -2465 Hrs 


UNIT 

DATA 



UNIT 

DATA 

UNE 

S/N SOURCE 

TIME 

LINE 

S/N 

SOURCE TIME 

3-4 

1 

A 

1741 

125 

10 

A 

2273 

5 

1 

A 

1512 

126-127 

10 

E 

1963 

6 

1 

A 

766 

128-131 

10 

£ 

2122 

8-11 

1 

E 

4379 

132 

10 

A 

1204 

15-16 

2 

A 

5727+ 

133-134 

10 

E 

3076 

19 

2 

A 

1133 

138-140 

11 

E 

2152 

20-21 

2 

E 

227 

141 

11 

A 

1613 

22 

2 

A 

1996 

142 

11 

E 

1944 

23-26 

2 

E 

3171+ 

143-146 

11 

E 

2567 

27-29 

3 

A 

2734 

147-148 

Invalid 

- Same Problem 

30-31 

3 

E 

1812 





32-34 

3 

E 

5134+ 

153 

12 

A 

284 

35-38 

4 

E 

2190+ 

154-159 

12 

E 

5433 

39 

Invalid - 

Same Problem I 

160-161 

12 

A 

682 

40-47 

4 

E 

6946H 

165-167 

13 

E 

2743 

49 

6 

E 

1823 





50-51 

5 

E 

151 

169-171 

13 

A 

1002 

52 

5 

E 

2918 

172-176 

14 

E 

7714+ 

53-54 

5 

E 

1260 

178-181 

14 

E 

1510 

65-57 

5 

E 

2114 

182-184 

14 

E 

1057 

61-64 

6 

E 

204 

185-187 

14 

E 

9009t 

65-67 

6 

E 

3613 

191-195 

15 

E 

3926 

68 

Invalid 

- Same Problem 

196-201 

15 

E 

4077+ 

69-70 

6 

E 

332 

203 

16 

A 

3395+ 





204 

16 

E 

182 

73-74 

Invalid 

- Same Problem 

1 205 fit 206 Invalid - Same Problem 

76-77 

6 

E 

1510 





78 

Invalid 

- Same Problem 

207-210 

16 

A 

797 

80-85 

7 

E 

2114+ 

211-217 

10 

E 

6167+ 

86 

7 

E 

668 

219-221 

17 

E 

2430+ 

87 

7 

A 

2982 

222 

17 

A 

416 

88 

7 

A 

965 

223 

17 

A 

1864 

89-93 

7 

A 

1675 

224-227 

17 

E 

4530+ 

94 

7 

A 

571 

1 230 Invalid • 

- Same Problem 

99 

8 

A 

1599 

231 

18 

A 

362 

100-103 

8 

E 

7576+ 

232-234 Invalid 

- Same Problem 

105-106 

9 

A 

985 

235-236 

18 

A 

3044+ 

107-114 

9 

E 

4983 

239-246 

19 

E 

6440+ 

115 

9 

E 

1337 

248-256 

20 

E 

6040+ 

116-118 

9 

E 

453 

258-267 

21 

E 

4228 





268 Invalid - 

Same Problem 

119-121 

9 

A 

1106 

269 

21 

A 

92 

122 

9 

A 

■ 211 

273 

22 

E 

302 





277-281 

23 

E 

3473+ 





285-287 

24 

E 

2699+ 





292 

2^j 

A 

504 
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Automatic Stabilizer Trim Computer 

a) Failure Rate (refer to table 5-5 and appendix A) 

Method I (complete history) 

404Mures/10«hts MTBF- 2476 his 

Method II (’75/’76 data) 

1 unit/airplane 53808 unit hni 

(22 verified failures + 3 incidental failures) = 25 failures 

90% confidence - X < 600 failures/ 10^ hrs 

MTBF > 1667 hrs 

60% confidence -X < 489 failures/ 10^ hrs 

MTBF > 2046 hrs 

Method 111 

2 5 total failures x 10^ hrs ^ 465 failures^ 

53808 unithm lO^hrs 

b) Failure Rate Characteristics - figure 5-6. 

c) Failure Manifestations 

Performance Anomally 
Failure/Waming Indication 
Fail BITE Test 
Inoperative 

Engage/Disengage Problem 
Other 


0 % 

54% 

34% 

11% 

0% 

1 % 
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Table 5-5.- Auto Stab Trim Unit Failure Time Summary 


69 Entries 


Sperry Part No. — 2591415-902 
United Airlines No. — 22123 


unit data 
line s/n source 


4-6 1 E 

7-10 E 

11 A 

12-13 A 

15-18 2 E 

19 A 

23 3 A 

24-25 A 

26-28 E 

29-31 E 

32 A 

35 4 E 

36-37 A 

38 A 

39 E 

40-41 E 

47-50 5 E 

51 A 

52-53 E 

54-55 E 

56 A 

57 E 

58 6 A 

59 A 

60-68 E 

69 E 

72-73 7 E 

74-77 E 

78-80 E 

81-84 8 E 

85-91 E 

92 A 

93 A 

94 A 

96-103 9 E 

104-106 E 

107-108 E 

109 Not Valid - Same 
111-114 10 A 

115-119 E 


TIME 

846 

7662 

362 

92 

410 

535 

4296 

3949 

3285 

1194 

984 

4378 

4144 

4965 

1944 

647 

1791 

1319 

1692 

3781 

3068 

796 

3572 

90 

5075 

243 

796 

2868 

1450 

698+ 

8528 

296 

1048 

219 

3818 

1996 

2818 

Problem 

5210 

3582 


X = 2476 
s= 1991 

UNIT 

DATA 


UNE 

S/N 

SOURCE 

TIME 

122-127 

11 

E 

2786 

128-133 


E 

2488 

134-138 


E 

6368 

139-140 

12 

A 

2517 

141 


E 

896 

142-149 


E 

6558 

150 


A 

1884 

152-153 


E 

817 

154-159 

13 

E 

420 

160 


A 

2057 

162-163 


A 

3180 

164 


E 

1094 

165 



280 

166 



665 

168-169 

14 

A 

2598 

170 


E 

2673 

171-172 


A 

2307 

174 

15 

A 

1816 

176 Not Valid - Same P 

.oblem 

177-178 


A 

2167 

179-184 


E 

2572 

185-186 

Not Valid - Same Problem 

187-189 

Not Valid 


193 

16 

A 

5159 

194-200 


E 

5373 

201 


E 

5250 

203-204 

17 

A 

2296 

207-210 


E 

2056 

212 

18 

A 

7310 

213 


A 

154 

214-216 


E 

1411 

217-218 


E 

1144 

231 

21 

A 

1088 
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Autothrottle Computer 

a) Failure Rate (refer to table 5-6 and appendix A) 

Method I (complete history) 

181 failures/ lO'^ hrs MTBF = 5538hrs 

Method irC75/’76 data) 

1 unit/airplane 53808 unit hours 

(9 verified failures + 5 incidental failures) = 14 failures 

90% confidence — 336 failures/ 10 hrs 

MTBF > 2733 his 

60% confidence — X ^ 278 failures/ 10^ hrs 

MTBF > 3592 hrs 

Method III 

14 total failures x 10^ hrs 
53808 unit hrs 

b) Failure Rate Characteristics - figure 5*7. 

c) Failure Manifestations 


Performance Anomally^^^ 

44% 

Failure/Waming Indication 

52% 

Fail BITE Test 

0% 

Inoperative 

11% 

Other 

23% 


260 failures 
10^ hrs 


(1) Typically overboosts. 
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Table 5-6.— Auto Throttle Computer Failure Time Summary 

34 Entries 

-t T 1= 5536 

Sperry Part No. *“ 1964693-1 


s = 3867 



UNIT 

DATA 


LINE 

S/N 

SOURCE 

time 

1 

1 

A 

56 

4-6 

2 

E 

6845 

11 

3 

A 

8394 

15 

4 

A 

16403 

19 

5 

E 

5680+ 

20-21 

6 

E 

8477 

23 

7 ' 

A 

3309 

24-29 

7 

E 

7296+ 

30 

8 

A 

2203 

31 


E 

3229 

32 


E 

10364 

33-34 

Invalid 

- Same Problem 

35 


A 

888 

36-37 

9 

E 

658 

38-41 


E 

3139+ 

43 

10 

A 

1476 

44 


E 

12034+ 

46-48 

11 

■ E 

8788 

55-57 

12 

A 

7630 

58-60 


A 

1089 

63 

13 

E 

8320 

G5 

14 

A 

4098 

66-67 


E 

2328+ 

68 

15 

A 

8435 

69 


A 

235 

76-77 

16 

A 

4882 

78 

17 

A 

8706 

79 


A 

1611 

80 


A 

3856 

88 

19 

E 

3126+ 

45 

11 

A 

3241 

84-86 

17 

E 

6544+ 

89 

20 

A 

6727 

99 

23 

. A 

8332 

101 

24 

A 

10905 


LINE 


UNIT 

S/N 


DATA 

SOURCE 


fiTT POOB QUALiri 




Figure 5-7. 



Dedicated Sensor, Servo, and Control/Display Elements 

The following list identifies those LRU’s which have been classified as dedicated sensor, 
servo, and control and display elements in the 747 flight control system electronics: 

Mode Select Panel (MSP) 

Controller 

Normal Accelerometer 
Trim Interfaced Uit 
AFCS Accessory Boxes 
Elevator, Aileron & Rudder LVDl 
Autostab Trim Pot 
Autothro‘‘tle Servo 

The functions of each of these elements has been defined in the system description (sec- 
tion 3). 

Except where specifically noted otherwise all of the reliability derivations are based on a 
one year sample period from 7/1/75 through 6/30/76. 

Mode Select Panel 

a) Failure Rate (refer to appendix A) 

1 unit/airplane 53808 unit flying houis 
1 8 verified failures + 4 incidental failures = 22 failures 


90% confidence — \ < 

540 failures/ 10^ hrs 

MTBF > 

1863 hrs 

60% confidence — X 

431 failures/ 10^ hrs 

MTBF > 

2317 hrs 

Point estimate 


22 total failures X 10^ hrs 409 failures 

5380S unit hrs 

iU° hrs 

Failure Manifestations 


Altitude Select Function 

22% 

Heading Select Function 

17% 

Course Select Function 

11% 
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(b) Failure Manifestations (Continued) 


Auto Throttle Function 

11% 

Pitch Mode Selector Function 

11% 

Flight Director 

11% 

Engage/Disengage 

6% 

Other/Unknown 

11% 


c) Comments 

The AFCS mode select panel is considered to be one LRU, yet it controls a wide 
variety of different functions. 

Controller 

a) Failure Rate (refer to appendix A) 

1 unit/airplane 53808 unit flying his 

2 verified failures + 1 incidental = 3 failures 

90% confidence^ - A < 124 failures/ 10^ hrs 

MTBF > 8055 hrs 

60% confidence^^^ - A < 78 failures/ 10^ hrs 

MTBF > 12872 hrs 

Point Estimate 

3 failures x 10^ hrs _ 56 failures 
53808 unit hrs 10^ hrs 

b) Failure Manifestations 

Aileron Hardover 50% 

No Manual Modes (Inop.) 50% 

c) Comments 

In addition to the two verified failures used here, appendix B shoy/s a tliird as a 
unit physically damaged out of stock. This was not considered in computing unit 
failure rate. 

The sample size (3 failures) for tliis unit is so small as to leave some question as to 
the validity of the results. No further shop records v/ere available at United and 
besides, the controller is an insignificant contributor to system functional failure 
rates. 
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Normal Accelerometer 

a) Failure Rate (refer to appendix A) 

2 unit/airplane 107616 unit flying nrs 

1 verified failure + 0 incidental failures = 1 failure 

90% confidence - X < 36 failures/ 10^ hrs 

MTBF > 27665 hrs 

60% confidence — X 19 failures/ 10 hrs 

MTBF > 53275 hrs 

Point estimate 

1 failure x 10*^ hrs 
107616 unit hrs 

b) Failure Manifestation 
Pitch Down + Oil Leak 

c) Comments 

These units are returned to the vendor (Sperry) for repair, hence UA has no 
information regarding the shop findings. Since this unit was leaking oil, it appears 
reasonable to assume that it was in fact failed. 

Trim Interface Unit 

a) Failure Rate (refer to appendix A) 

1 unit/airplane 53808 unit flying hrs 
0 failures 


90% confidence — X 

43 failures/ 10^ hrs 

MTBF > 

23395 hrs 

60% confidence - X < 

1 7 failures/ 1 0^ hrs 

MTBF ^ 

58487 hrs 


b) Failure Manifestations - None. 

c) Comments 

No shop data available prior to 7/75. 


9 failures 
10^ hrs 
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AFCS Accessory Boxes 

a) Failure Rates (refer to appendix A) 
Box 1 - 1 failure/53808 unit flight his 


90% confidence — X ^ 

72 failures/ 10^ hrs 

MTBF > 

13832 hrs 

60% confidence - X < 

38 failures/ 10^ hrs 

MTBF > 

26638 hrs 


Point estimate* 

3 failures x 10^ hrs ^ 10 failures 
289395 unit hrs 10^ hrs 

Box 2 - 0 failures/53808 unit flying hrs 

90% confidence — X ^ 43 failures/ 1 0 hrs 

MTBF ^ 23395 hrs 

60% confidence — X ^ 17 failures/ 10^ hrs 

MTBF > 58487 hrs 

Point estimate** 

1 failure x 10^ hrs ^ 3 failures 
289395 unit hrs 10^ hrs 

b) Failure Manifestation 

Box 1 - Intermittent warning liglit 

c) Comments 

*AFCS Accessory Box 1 has only shown three failures since approximately 1970 
(289395 flight hrs). 

**AFCS Accessory Box 2 has had only one failure since approximately 1970 
(289395 flight his). 
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Therefore: 


90% confidence 


Box 1 - 


< 

23 failures/ 10° hrs t = 0 


MTBF 


43423 hrs 

Box 2 — 

X 

< 

13 failures/ 10^ hrs 


MTBF 

> 

74395 hrs 


60% confidence 


Box 1 

X 

< 

14 failures/ 10° hrs 


MTBF 

> 

69233 hrs 

Box 2 — 

X 

< 

7 failures/ 10^ hrs 


MTBF 

> 

143265 hrs 


LVDT’s 

a) Failure Rate 

(9 units/airplane) (53808 airplane hrs/yr) -484272 unit hrs 

There were five removals during the time period of interest for which there is no 
data available showing the number of actual failures- The following is based on 
the conservative assumption that all five removals were also failures. 


90% confidence — X ^ 

19 failures/ 10^ hrs 

MTBF > 

52241 hrs 

60% confidence — X ^ 

13 failures/ 10^ hrs 

MTBF 

76991 hrs 

Point estimate 

5 failures x 1 0^ hrs 

1 0 failures 

484272 unit hrs 

10^ hrs 


b) Failure Manifestation; Unknown - no information. 

c) Comments 

The assumption that all removals were verified failures is probably reasonable 
since, due to the difficulty in removing elements of the servo actuation package, 
mechanics are likely to tal:e great care to be sure its bad before making the 
removal. 


OF soon 
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Automatic Stabilizer Trim Pot 


No data. 

Auto Throttle Servo 
a) Failure Rate 

No failures in 53808 unit flying hrs. 
90% confidence — A 

MTBF 

60% confidence — A 
MTBF 


< 43 failures/ 10^ hrs 
> 23395 hrs 

< 17 failures/ 10*^ hrs 
^ 58487 hrs 


b) Failure Manifestation' - none. 

c) Comments 

Based on one year I&R tag liistory - no complete shop records available. 

Attitude Director Indicator (ADI’s) 
a) Failure Rate 

2 unit/airplane 107616 unit flight hrs 

:^3 verified failures + 1 incidental failure = 34 failures 

90% confidence — A ^ 393 failures/1 0^ hrs 
MTBF > 2542 hrs 

60% confidence -A < 330 failures/ 10^ hrs 

MTBF > 3031 hrs 


Point estimate 

34 failures x 10^ hrs 
107616 unit hrs 


316 failures 
10^ hrs 


b) Failure Manifestations 


F/D flag 

61% 

Command bar(s) will not 
bias out-of-view 

15% 

Command bar erratio/sticks 

24% 


j 

i 


% 
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c) Comments 

dSor’funitf^^^^ foLore general formation refer to appendrx A. 

Shared Sensor Systems 

Shared sensor systems are those of 

B=BBE^htTs:=:^s. 

The avionic aystema on the 747 airplane which tall Into tlrla category are the following: 

VOR/ILS Receiver 
Radio Altimeter 
INS 

Air Data Computer 
Compass Coupler 

hmmmm: 

control system are calculated separately. 


VOR/ILS Receiver 

a) Total Failure Rate 

(2 unit/airplane) (53808 aii-plane his) = 107616 hrs 

(19 verified failures + 4 incidental) = 23 total failures 

90% confidence — X 279 failures/ 10 hrs 
MTBF > 3585 hrs 

60% confidence - X < 225 faUures/10*^ hrs 

MTBF > 4438 hrs 


OEIGINAL PAGE IS 
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b) AFCS Related Failure Rate 

1 5 failures have a potential AFCS impact 

90% confidence — X < 194 failures/ 10^ hrs 

MTBF > 5I60hrs 

60% confidence — X < 149 failures/1 0^ hrs 

MTBF > 6720 hre 


Point estimate 


15 failures x 10° hrs 

139 failures 

107616 unit hrs 

10° his 

Failure Manifestations 

Flag/Waming Indication 

53% 

Weak 

32% 

Inop/Erratic 

15% 


Radio Altimeter 

a) Total Failure Rate 

2 unit/airplane 107616 unit flying hrs 

(16 verified failures + 7 incidental failures) = 23 total 

90% confidence — X < 279 failures/ 10^ hrs 
MTBF > 3585 hrs 

60% confidence — X < 225 failures/1 0^ hrs 
MTBF > 4438 hrs 

b) AFCS Related Failure Rate 

16 failures have a potential AFCS impact 

90% confidence — X < 205 faiIures/10^ hrs 
MTBF ^ 4889 hrs 

60% confidence — X < 158 failures/10^ hrs 

MTBF > 6313 hrs 

Point estimate 

1 6 failures x 1 0^ hrs 149 failures 
107616 unit hrs 10*^ hrs 
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Failure Manifestations 


Inoperative 

40% 

Erratic Altitude 

20% 

Flag/ Warn Indication 

27% 

AFCS Warning 

7% 

Fails BITE 

7% 


d) Comment 

3 failures were caused by external short. 

Inertial Navigation System (INS) 

a) Total Failure Rate 

2 units/airplane 107616 unit hours 

(69 verified failures + 3 incidental failures) = 72 total 

90% confidence — X ^ 778 failures/ 10^ hrs 

MTBF > 1286 hrs 

60% confidence - X < 689 failures/ 1 0^ hrs 

MTBF ^1451 hrs 

b) AFCS Related Failure Rate 

Since the only functions required by the AFCS from the INS for Cat II operation 
are attitude and heading references, the total list of INS failures was reviewed to 
eliminate those failures which, based on engineering judgment, should not have 
affected these references. This left a total of 38 failures, primarily associated with 
the platform/gimbal assembly itself. 

90% confidence - X < 435 failures/1 0^ hrs 
MTBF > 2301 hrs 

60% confidence - X < 368 faiIures/1 0*^ hrs 
MTBF > 2718 hrs 

Point estimate 

38 failures x 1 0^ hrs ^ 353 failures 
107616 unit hrs 10^ hrs 

OBJGMAb 
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c) Failure Manifestations 

Flag/Waming Indication 
Navigation Error 
Inoperative 
Fail Self Test 
Other 


81% 

4% 

10 % 

1 % 

4% 


Air 


Data Computer (CADC) 
a) Total Failure Rate 

2 units/airplaM 107616 fflglit hia 

(37 vanned failures 1- 22 incidental failures) - 59 total failures 


90% confidence - X ^ 

MTBF > 


60% confidence - X < 
MTBF > 


648 failures/ 10*^ hrs 

1 544 hrs 

567 failures/ 10^ hrs 
1765 hrs 


b) 


Point estimate 

failures X 10^ hrs ^ 548 failure^ 

107616 unit hrs 10 1^^ 

AFCS Cat II Related Failure Rate 

PorC,egorv.Iau.o«o,re^~^^ 

ScK.:: wiucl. H IS derived. Tlrere were 24 

failures judged to be in this category. 

90% conAdence - X < 285 failures/lo6 hrs 

MTBF > 3454 hrs 


60 % confidence -X < 235 failures/ 10 ® hrs 

irmTVr? >> 


Point estimate 

7.4 failures X 10^ hrs , 223J^ 

107616 unit hrs 10 hrs 
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c) Failure Manifestation 


Altitude/Mach Performance 

24% 

Altitude Mach Flag 

24% 

TAS/SAT/TAT 

14% 

Inop-All Flags 

22% 

AFCS Performance 

5% 

Fail BITE Test 

8% 

Other 

3% 


Compass Coupler 

a) Total F ailure Rate 

2 units/airpiane 107616 unit flying hrs 

(7 verified failures + 2 incidental failures) = 9 failures 

90% confidence -- X < 132 failures/ 10^ hrs 

MTBF > 7573 hrs 

60% confidence — X < 97 failures/ 10*^ hrs 

MTBF > 10279 hrs 

b) AFCS Related Failure Rate 

7 failures with possible AFCS/Cat II impact 

90% confidence — X < 109 failures/ 10^ hrs 

MTBF > 9143 hrs 

60% confidence - X < 78 failures/ 10^ hrs 

MTBF ^ 12827 hrs 


Point estimate 

7 failures x 1 0^ hrs _ 65 failures 
1 0 7 6 1 6 unit hrs 10*^ hrs 



c) Failure Manifestations 



Heading Flag 

29% 


No Slave/Iiiop/Erratic 

57% I 


AFCS Heading Hold 

j 

14% 1 
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Component Reliability Summary 


Table 5-7 summarizes the failure rates of the various elements which comprise the 747 flight 
™roI system electronics. The rates shown have been derived from the one year observa- 
tion period and have a 60% confidence factor. 


Table 5-7. -Failure Rate Summary, United Airlines 


Note; 60% confidence level 


Element 

Failures/IQ® fit hrs 

1. Major Computers 

Pitch computer 

535 

Roll computer [ 

Yaw computer 

(y/ 

317 


Auto stab trim unit 


Auto throttle comp 

278 

11. Dedicated Sensor, Servo and Display Elements 

Mode select panel 

431 

Controller 

78 

Normal accelerometer 

19 

Trim interface unit 

17 

AFCS access box 1 

38 

AFCS access box 2 

7 

LVDTS 

13 

Auto throttle servo 

17 

ADI 

330 

III. Shared Sensor Systems 

VOR/ILS receiver 

149 

Radio altimeter 

158 

368 

INS 

Air data computer 

23.5 

Compass coupler 

78 
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Poisson Failure Process Verification 


A test was conducted on the United time-to-failure data in this section for the five com- 
ponents (Yaw Computer, Monitor and Logic Unit. Autotlirottle Computer, Pitch Computer 
and Roll Computer) to determine if the observed data is Poisson distributed. Time-to-failure 
data defines a probability of failure distribution for each of the components. The number 
of failures in the time period is Poisson distributed if and only if time-to-failure is expo- 
nentially distributed. 

The exponential distribution is a special case of the Weibull distribution wherein the hazard 
function is a co istant. Hence, the procedure of the investigation was to fi a Weibull to the 
time-to-failure lata and verify the constant hazard assumption. The hazard is commonly 
referred to as the instantaneous failure rate and different from the average failure rate which 
is based on observed data by dividing the total number of failures by the total unit hours of 
operation or flying. 

A two parameter Weibull distribution was fitted to each of the five sets of time-to-failure 
data, i.e., a Weibull distribution with a scale parameter (0) and shape parameter (b). Tiie 
value of the shape parameter provides a sufficient test to determine the nature of the 
hazard. If the reliability function is defined as 


R = e 

where t = time, b = shape and 0 = scale then the following can be said of the hazard as the 
parameter b takes on various values: 

b > I implies time dependent increasing hazard such as that associated with wear 
out, 

b < 1 implies time dependent decreasing hazard such as that associated with 
improvements in equipment or maintenance procedures. 

b = 1 implies constant hazard or no dependence on time. 

A constant hazard (constant failure rate) defines an exponential failure distribution which in 
turn defines a poisson distribution for the number of failures in the time period. 

The resultant Weibull parameters using an HP-55 calculation^ ' ^ to fit the data are as follows. 


Component 

_b_ 

_0 

Yaw Computer 

0.78 

4250.10 

Monitor & Logic Unit 

1.17 

2587.82 

Autothrottle Computer 

0.99 

6443.41 

Pitch Computer 

0.91 

2411.00 

Roll Computer 

1.03 

2716.57 


(1) HP-55 Statistics Program, page 62, Weibull Distribution Parameter Calculation. 
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Conclusions from the above results are that, v/ith the exception of the Yaw Computer, the 
value of b is sufficiently close to one to indicate a poisson distribution for the number of 
failures in the samples. The fact that b for the Yaw Computer is less than 1 (opposite of 
wear) implies the equipment itself was not constant over the time period or that the data 
sample is not sufficiently large or accurate to indicate a conclusion. Since the hazard 
appears to be decreasing for this component the average failure rate will be conservative. 

5.1.2 SYSTEM FUNCTIONAL RELIABILITY - FULL CATEGORY II 

An assessment of the functional reliability of the full category II control system can be 
made by combining the failure rates (A’s) of each of the individual elements required for 
such operations. The following paragraphs discuss the functional reliability and functional 
readiness characteristics of the 747 full Cat II configuration flight control system. 

Functional Reliab 

Figure 5-8 illustrates the flight control system equipment required for operations into 
defined minimum category II weather conditions. Also included in figure 5-8 are the 
individual failure rates determined in section 5,1.1. Since a failure of any one of these 
elements results directly in a loss of full category II capability, the reliability model is a 
series string of elements. Hence the system functional reliability can be expressed as 

n _ 

^cat II “ \ 

i=l 

where \ = mean failure rate (/lO^ hrs) of each element 
n = total number of elements 

Using the individual failure rates shown in figure 5-8 the system functional reliability for 
this defined configuration is; 

Xcat II ~ 5650 failures/ 10^ hrs 
Functional Readiness 

Functional Readiness has been defined as the probability that the prescribed function is 
available after some time (t) of system operation Thus, the functional readiness (FR) is 
equal to unity at time zero and decreases towards zero for long exposure times. For 
the 747 full Categcy II flight control system configuration, since every element must 
operate: 


n 

FR(t) = n R- 
i=l 

where R| = probability of module i surviving = e 
n = number of modules 
t = mission length 
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For those modules which include two identical elements, Xj = 2X where X is the mean unit 
failure rate calculated in section 5.1.1. 

For example for the 747 configuration described in figure d.2-1 : 

^%ull Category II ~ ^Radio Alt ‘ ^INS ^Pitch Computer ‘ ^Roll Computer 

Using as the time interval (t) the average mission time for United 747 fleet of 4.02 hrs this 
results in a 97.75% probability that the system will be capable of full category II operation 
at the end of the flight given that it was fully operational at the start. 

5.1.3 SYSTEM FUNCTIONAL RELIABILITY - RESTRICTED CATEGORY II 

As previously described, the 747 flight control system is qualified for restricted Category II 
operation with either the A or B channel autopilot inoperative provided the C channel fliglit 
director is operational or with A and B channels operative and C channel inoperative. Mini- 
mum weather conditions for restncted Category II operations are defined as 1 50 feet 
decision height and 1600 feet RVR. This says in effect that weather conditions at or above 
these minimums can be entered with any one of the three roll and/or pitch computers 
inoperative. For restricted Cat II operations the pitch and roil computer stages can there- 
fore be viewed as TMR (Triple Modular Redundancy) for reliability assessment purposes. 

The following paragraphs discuss the functional reliability and functional readiness 
characteristics of the 747 restricted Cat II configuration flight control system. 

Functional Reliability 

The only difference in dealing with the restricted Cat II system as opposed to the full Cat II 
is in modeling the failure rate of the pitch and roll computer modules. In the case of a 
module containing two identical elements, e.g. pitch computers for which both are required 
for functional success X dual = 2X element. However, with redundant systems, single 
failures can occur which do not cause system failure. In order to determine the system 
failure rate a measure of how failures are treated must be made. In other words inspection 
intervals have to be established where all c---rtponents are checked for function and any 
failed components are replaced. 

In general failure rate is defined by 


X(t) 


A ^ 

R dt 


where R is the probability of survival and X(t) is the failure rate which is derendent on 
time t. 


With a regularly inspected and repaired redundant system, the system will have the same 
probability of failure in each interval of length T. Hence, over long periods of time it will 
fail exponentially (a constant average failure rate) with an MTBF given by 
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R(t)dt 

0 *^ 

Mt = 

T 1 - R (T,0) 

M-j- is the system MTBF when the system is inspected and repaired, if necessary every, 
T hours. 

For a TMR stage (3 pitch or 3 roll computers), two must operate for system operation. 
The survival probability of the TMR stage 


-2Xgt -3X^t 

^TMR = ^ ® 


where = X COMPUTATION CHANNEL 

= ^ ROLL COMPUTER ^ PITCH COMPUTER 
The MTBF of the TMR stage is a constant and given by 






5/6- 3/2 e +2/3e 
-2XJ -3XJ 
L 1 -3e +2e 


-3X^X1 


Also the average failure rate 


X(t) = 


-^ct 

6X^1 -e ) 


3 -2e 




A test of the MTBF equation shows that as the inspection interval T approaches infinity ie 
single failures are not repaired, then the MTBF approaches 5/6 X^.. However, as the inspec- 
tion interval reduces towards every fiigh*' the MTBF becomes a very large number (Mj for 
TMR = 127,690 Hrs). 

For restricted Cat II operation, as the MTBF for the pitch and roll computer stages is much 
greater than the MTBF for all the other elements, the system functional reliability can be 
expressed as the sum of the individual failure rates as calculated for the fun Cat II reliability 
less the pitch and roll failure rates. 

5650 -2[425 + 383] /lO^ 

^Restricted Category II 

= 4034 failures/10^ hrs. 
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Tliis failure rate is a constant when the computation channel failure rate is not included. 

Functional Readiness 

Functional readiness of at least the restricted Category II configuration is computed in the 
same manner as for the full Category II system except for the survival probability of the 
TMR stages. In the TMR case: 

R = r^ -f 3r“ (1-r) 

where R = probability of me dule surviving 

r = probability of an element surviving = e'^^ 

Using a mission time of 4.02 hours: 

FR(t) = HRf = .9839 

or a probability that the system will be at least capable of operating into restricted Cate- 
gory II conditions of approximately 98.39% given that it was fully operational at the start 
of the mission. 

5.1.4 CATEGORY II AVAILABILITY 

The availability of the 747 Category II autoload function is assessed empirically from 
information extracted from United Airlines flight log records. An example of a flight log 
showing the type of information is shown in figure 5-9. The flight log provides informa- 
tion relative to the occurrence of a reported malfunction as reported by the fliglit crew and 
the corrective action taken by line maintenance. 

When reviewing system availability the question of true hardware availability versus legal 
functional availability arises. If a malfunction is reported on an approach, whether it is 
a true failure or not, the system is considered legally unavailable until line maintenance 
either repairs the system or verifies via ground test its fault-free status. 

The Category II availability is expressed in terms of the proportion of time for which the 
flight control system is in Category II status. United Airlines has identified availability as 
reported, legal and actual for both full Category II and restricted Category II. A summary 
of a one year survey (appendix C) is shown in table 5-8. 


70 


OF POOR QU 


A/C 


OATC 


TIO 


9TA 



J 


1 

CAT ] 

[ AVAIL A» 

ILITT 

IN- .tCMT r'RCri-EM 

A 

F 

C 

S 

T 

H 

MAINTENANCE ACTION 

REPOITTED 

LEGAL 

ACTUAL 

D 


HI 

a 

a 

B 

1ST jfficer windshield wiper blade 
STICKS OUT :n flt 

1 

i 

)EF #460 NOT CAT II 

E 


E 

1 

1 

D 

(CO- TECTION OF DEF »450) 

1 

1 

REPLACED BLADE 

E 



B 

1 

D 

NOT-: - CAPT INST PNL HAS "NOT CAT 
11" ’LACARD 

1 

1 

CORRECTED TO CAT II 

1 

/ 


D 

1 

B 


J 



B 

5 


B 


— 

1 

X 


REP’,.ACt MALU . NOT 
CAT II NEED CAT II 
CHE^K riF*^ 

[■■I 

s 

1 


I 

1 

V/ 

(CORRECTION OF DEF #598) 

1 

1 

1ALU BITE OK CAT II 

1 

E 


i 

■ 

✓ 

u 

— 



r ^ 


— 


s 


(PREVIOUS WRITE-UP'S ON WARNING LIG 

I 

1 


1 

✓ 


B 


✓1 

-H 

WITH "A" A/P IN CMD & VOR/LOC, HAD 
STEADY RED A/P WARN LITE. "B" A/P 0 

1 

1 

UNABLE TO DUP BITE CKS 
OK ROLL 8 PITCH 

1 



B 


1 

SAME AS ABOVE 

1 

1 

REPLACED A/P ROLL 
CHANNEL. CKS OK 

1 

Q 


B 


D 

(NO MORE PROBLEM) 

1 

1 

muH 

1 

1 


1 

1 

L 


-J — 

c 

■ 


L 

U 

J— 

1-. 

in 



1 

i 


1 

ib^H 

1 

llBI 

1 

1 

■ 

■ 


--ii» I n-itir nil t ■■ 


Figure 5-9.-C ^legcry H Availability, Sample Entries 

































Table 5-8. System Availability, United Airlines 


Percentage of time for which flight control system is in 
Category II status 


Repr#ited Category II Availability; 


PijII 89.45% 

Full/restricted 97.19% 

Legal Category II Availability: 

Pull 90.57% 

Full/restricted 98.25% 

Actual Category II Availability: 

Full 91.41% 

Full/restricted 98.86% 


5.2 RELIABILITY ASSESSMENT - PAN AMERICAN 

A similar approach to United Airlines has been taken in evaluating the system reliability 
using available data from Pan American. The same four sections dijaling with component 
failure characteristics (section 5.2.1), system functional reliability (section 5.2.2 and 5.2.3) 
and system availability (section 5.2.4) are discussed as follows. 

5.2.1 COMPONENT RELIABILITY EVALUATION 

Failure information on each of the component LRU’s was obtained from shop records 
(component “B” tags). A count of the findings for each record according to number of 
failures (confirmed and incidental) and number of units that tested OK gave the percentage 
of records that were failed. 

The component removal rates including the number of units removed and the flight hours 
accumulated over the six month period were extracted straight from the computer sum- 
maries. Component times to failure were not obtainable from Pan American records. 

From the above number of removals and percentage of units in the shop that fail, the 
expected number of failures can be obtained. By inserting tliis number and the hours flown 
in the 60% confidence interval equation the failure rate for each LRU can be obtained. 




Major Computers 

Pitch Computer PA No, 72201 


I. 

No. of records examined — 1 1 1 

Count 

% 

2. 

Findings: Test ok 

50 

45 


Confirmed failure 

34 

31 


Incidental failure 

27 

24 

3. 

Failure manifestation (confirmed failures only) 




Performance anomaly 


50 


Failure/waming indication 


21 


Failure BITE test 


12 


Inoperative 


11 


Engage/disengage problem 


6 

4. 

Failure rate 




(3 units/airplane) (61,944 airplane flight hours) = 185,832 unit hours 



Number of removals in time period = 148 




Percentage failures (confirmed + incidental) = 55% 




60% confidence — X < 442 failures/ 10^ hours 




MTBF ^ 2231 hours 



Roll Computer PA No. 72202 



1. 

No. of records examined — 146 

Count 

% 

2. 

Findings: Test ok 

73 

50 


Confirmed failure 

59 

40 


Incidental failure 

14 

10 

3. 

Failure manifestation (confirmed failures only) 




Performance anomaly 


62 


Failure/waming indication 


12 


Failure BITE test 


14 


Inoperative 


3 


Engage/disengage problem 


7 


Other/unknown 


2 
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4. Failure rate 


(3 units/airplane) (61,944 airplane fiiglit hours) = 185,832 unit hours 

Number of removals in time period = 149 

Percentage failures (confirmed + incidental) = 50% 

60% confidence - X < 416 failures/ 10*^ hours 
MTBF > 2406 hours 

Yaw Computer PA No. 72221 


1. No. of records examined - 35 Count ^ 

2. Findings: Test ok 12 34 

Confirmed failure 17 49 

Incidental failure 6 1 7 

3. Failure manifestation (confirmed failures only) 

Performance anomaly 29 

Failure/waming indication 47 

Fail BITE test 6 

Inoperative 1 8 

Engage/disengage problem 0 


4. Failure rate 

(2 units/airplane) (61,944 Airplane Flight Hours) = 123,888 unit hours 

Number of removals in time period = 38 

Percentage failures (confirmed + incidental) = 66% 

60% confidence - X < 212 failures/ 10^ hours 
MTBF >4711 hours 

Monitor and Logic Unit PA No. 72204 


No. of records examined - 62 

Count 

% 

Findings: Test ok 

37 

60 

Confirmed failure 

20 

32 

Incidental failure 

5 

8 
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3. Failure manifestation (confirmed failures only) 


Count 


Engage/disengage 
Warning function 
Mode light function 
Fails BITE test 
Cam out detection 


4. Failure rate 

(1 unit/airplane) (61,944 airplane flight hours) = 6 1,944 unit hours 

Number of removals in time period = 46 

Percentage failures (confirmed + incidental) = 40% 

60% confidence — \ < 325 failures/ 10^ 

MTBF > 3076 hours 

Automatic Stabilizer Trim Unit PA No. 72224 


1 . No. of records examined — 64 Count 


2. Findings: Test ok 37 

Confirmed failure 23 

Incidental failure 4 


3. Failure manifestations (confirmed failures only) 

Performa»'ce anomaly 
Failure/waming indication 
Fails BITE test 
Inoperative 

Engage/disengage problem 
Other 
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36 

6 


13 

30 

44 


4. Failure rate 

(1 unit/airplane) (61 ,944 airplane flight hours) = 61,944 unit hours 

Number of removals in time period = 55 

Percentage failures (confirmed + incidental) = 42% 

60% confidence - X < 391 failures/ 10^ houre 
MTBF > 2555 hours 
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Auto Throttle Computer PA No. 72220 


No. of records examined - 29 Count ^ 


2. Findings: Test ok 7 24 

Confirmed failure 21 72 

Incidental failure 1 4 

3. Failure manifestation (confirmed failures only) 

Performance anomaly 19 

Failure/waming indication 14 

Failed BITE test 5 

Inoperative 62 

Other/Unknown 0 


4. Failure rate 

( 1 unit/airplane) (6 1 ,944 airplane flight hours) = 6 1 ,944 unit hours 

Number of removals in time period =10 

Percentage failures (confirmed + incidental) = 76% 

6 

60% confidence - X < 141 failures/ 1 0 hours 

MTBF ^ 7080 hours 

Dedicated Sensor, Servo, and Control and Display Elements 
Mode Select Panel PA No. 72222 MFR No. 2590624-924 


I . No. of records examined — 8 1 Count % 


2. Findings; Test ok 31 38 

Confinncd failure 46 57 

Incidental failure 4 5 

3. Failure manifestation (confirmed failures only) 

Altitude selection function 20 

Heading select function 4 

Course selection function 7 

Auto throttle function 7 

Pitch mode select function 30 

Fliglit Director 1 3 

Engage/Disengage 1 7 

Otlier/Unknown 2 
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4. Failure rate 

(1 unit/airplane) (61,944 airplane flight hours) = 61 .944 unit hours 

Number of removals in time period = 66 

Percentage failures (confirmed + incidental) = 62% 

60 % confidence - X ^ 689 failures/ 10 hours 

MTBF > 1452 hours 


Flight Controller PA No. 72203 MFR No. 2590625-902 


1. 

No. of records examined — 27 

Count 

% 



14 

52 

2. 

Findings: Test ok 

in 

37 


Confirmed failure 

1 vj 
■2 

1 1 


Incidental failure 



3. 

Failure manifestation (confirmed failures only) 




No manual modes (inop) 


10 

50 


Turn function 


40 


Pitch function 




4. Failure rate 

(1 unit/airplane) (61, 944 airplane flight hours) = 61.944 unit hours 

Number of removals in time period — 1 1 

Percentage failures (confirmed +.incidental) = 48% 

60% confidence -X < 95 failures/ 10^ hours 

MTBF > 10470 hours 

Normal Accelerometer P/N 57381 MFR No. 2588696-904 Mod A 

There were no removals of this component in the six month period reviewed. 

Review of component tag “B” stubs shows 3 removals since 1971 . 

This unit is not repaired in house. It is sent to the vendor for repair. The vendor does act 
indicate findings on the tag when the unit is returned to Pan Am. 

Tliere were no removals of this component in the period 12/01/77 thru 05/31/77. 


OEIGINAL PAGE IS 
OF POOR QUALlTy 


Failure Rate 

(2 iinits/airplane) (61,944 airplane flight hours) = 123.888 unit hours 

Number of removals in time period = 0 
Percentage failures (confirmed + incidental) = 0 

60% confidence — X 0.5 failures/ 10 hours 

MTBF > 1 ,930,900 hours 

Auto Stabilizer Trim Accessory Box 
PA No. 72215 MFR P/N 65B47519-9 
Our shop does not keep records on this item. 

A review of B component tags going back to 1 974 shows the following; 
No. of tags reviewed ~ 59 

No. of unconfirmed (test ok) units - 54 (91 .5%) 

No. of confirmed failure units - 2 (3.4%) 

No. of incidental failure units - 3 (5.1%) 

Failure Rate 

(1 unit/airplane) (61,944 airplane flight hours) = 61 ,944 unit hours 

Number of removals in time period = 18 

Percentage failures (confirmed -5- incidental) = 8.5% 

60% confidence — X ^ 30 failures/ 10 hours 

MTBF > 33,593 hours 

Autofliglit Accessory Box #1 

PA No. 72223/72217 MFR No. 65 B47520-14/13 

Shop does not keep records on tliis unit. 

#l-review of B component tags going back to 1974 shows the following: 

No. of tags reviewed — 3 1 

No. of unconfirmed (test ok) units -• 24 (77.4%) 



No. of confirmed failure units — 7 (22.6%) 

Failure Rate 

(1 unit/airplane) (61,944 airplane flight hours) = 61,944 unit hours 

Number of removals in time period = 6 

Percentage failures (confirmed + incidental) = 22.6% 

60% confidence — X < 28 failures/ 10^ hours 

MTBF > 35,733 hours 

Auto Flight Accessory Box #2 

PA No. 72216 MFR No. 65B47521-18 

#2-review of B component ta^ going back to 1974 shows the following: 

No. of tags reviewed - 33 

No. of unconfirmed (test ok) units - 28 (85%) 

No. of confirmed failure units — 5(1 5%) 

Note; 3 of the 5 confirmed failures were due to mechanical failure (damage to connector/ 
pin), not electronic/eiectrical failure. 

Failure Rate 

(1 unit/airplane) (61,944 airplane flight hours) = 61,944 unit hours 

Number of removals in time period = 2 

Percentage failures (confirmed + incidental) = 15% 

60% confidence — X < 8 failures/ 10^ hours 

MTBF > 130,551 hours 

LVDT’s 

Rudder Control Power Package PA No. 72705 


No. of records examined — 3 1 

Count 


Findings: Test ok 

5 

16 

Confirmed failure 

23 

74 

Incidental failure 

33 

10 
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Count 

% 

3. Failure manifestation (confirmed failure only) 

Transducer (LVDT) 


0 

Other auto flight control system 


0 

Other 


100 

Note: There were no removals for autoflight control system problems. 


Inboard Elevator Control Power Package PA No. 72703 

1 . No. of records examined - 37 

Count 

% 

2. Findings: Test ok 

2 

5 

Confirmed failure 

29 

79 

Incidental failure 

6 

16 

3. Failure manifestation (confirmed failures only) 

Transducer (LVDT) 


0 

Other auto flight control system 


24 

Other 
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Note: There were 7 removals for auto flight control problems. 

None had a confirmed 

transducer (LVDT) failure. 

Central Lateral Control Actuator PA No. 70717 

1 . No. of records reviewed - 8 

Count 

% 

2. Findings: Test ok 

1 

13 

Confirmed failure 

5 

62 

Incidental failure 

2 

25 

3. Failure characteristics (confirmed failures only) 

Transducer (LVDT) 


0 

Other auto flight control system 


■ 20 

Other 
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Elevator Feel Com. .er PA No. 727 1 1/70772 

I. No. of records reviewed — 22 

Count 


2. Findings: Test ok 

1 

5 

Confirmed failure 

21 

95 

Unrelated failure 

0 

0 
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3. Failure characteristics (confirmed failure only) Count % 


Transducer (LVDT) 

14 

Other auto flight control system 

5 

Other 

81 


4. Failure rate - LVDT’s 

(9 units/airplane) (61,944 airplane flight hours) = 557,496 unit hours 

Number of removals in time period = 1 

Percentage failures (confirmed + incidental) =95% 

60% confidence - X < 0.5 failures/ 10^ hours 

MTBF ^ 2,1 53,500 hours 

Auto Throttle Servo PA No. 72207 


This unit is repaired by the vendor who does not supply findings. There were no records 
of any removals during 1976-1977. 

Attitude Director Indicator PA No. 73407 MFR No. 2590281-905 


1 . No. of records examined - 48 

2. Findings: Test ok 

Confirmed failure 
Incidental failure 

3. Failure manifestation (confirmed failures only) 

Flight director flag 
Command bar(s) will not bias out 
Command bar(s) erratic 
Other* 


Count ^ 

18 38 

25 52 

5 10 


12 

0 

16 

72 


*Note: The other category includes non flight director items such as pitch/roil attitude, 

expanded localizer/glide slope, radio altitude, etc. indication. 

4. Failure rate 

(2 units/airplane) (61 ,944 airplane flight hours) = 123,888 unit hours 
Number of removals in time period = 32 
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Percentage failures (confirmed + incidental) = 62% 

60% confidence - X < 169 failures/ 10^ hours 

MTBF > 5911 hours 

Annunicator PA No. 73422 MRF No 75-0147-9 


1. 

No. of records examined - 31 

Count 

% 


Findings: Test ok 

14 

45 


Confirmed failure 

17 

55 


Incidental failure 

0 

0 

3. 

Failure manifestation (confirmed failures only) 




Autopilot function 


0 


Flight director function 


12 


Auto throttle function 


0 


Other* 
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■''Note: Most reported failures were for mechanical, test, or dimming problems rather than 

functional discrepancies. 

Failure rate 

(2 units/airplane) (61.944 airplane flight hours) = 123.888 unit hours 

Number of removals in time period = 3 

Percentage failures (confirmed + incidental) = 55% 

60% confidence X < 16 failures/ 10*^ hours 

MRBF ^ 61665 hours 

Shared Sensor Systems 

For the si .red components there was no shop data available from Pan American to make a 
determinaiion of specific AFCS related failures. The same ratio of failures having a poten- 
tial AFCS impact for each LRU as determined from the United Airline data is applied to the 
Pan American data. 


Navigation Receiver PA No. 73458 



1 . No. of records reviewed - 1 26 

Count 


2. Findings: Test ok 

91 

'J 

Confirmed failure 

31 

25 

Incidental failure 

4 

3 
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Failure manifestation (confirmed failures only) 

Count 

% 

Flag/waming indication 


39 

0 

Weak 


61 

Inoperative/erratic 


VJ X 


Failure rate 

{2 uni-s/airplane) 61,944 airplane flight hours) = 123,888 unit hours 

Number of removals in time period = 103 

Percentage failures (confirmed + incidental) = 28% 

Assume 65% of failures have a potential AFCS impact 

60% confidence - X < 160 failures/ 1 0^ hours 
MTBF ^ 6248 hours 


Range Radio Altimeter Transceiver PA No. 73432 

No. of records examined - 97 

Findings; Test ok 

Confirmed failure 
Incidental failure 

Failure manifestation (confirmed failures only) 

Inoperative 
Erratic Altitude 

Auto flight control system warning 
Flag/waming indication 
Fails BITE test 


Count 

54 

41 


% 

56 

42 


34 

12 

0 

49 

5 


Failure rate 

(2 units/airplane) (61 ,944 airplane flight hours) - 123,888 unit hours 

Number of removals in time period — 55 

Percentage failures (confirmed + incidental) = 44 % 

Assume 70% of failures have a potential AFCS impact 

60% confidence — X ^ 145 failures/ 10^ hours 

MTBF > 6893 hours 
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Inertial Navigation Unit PA No. 73458 

1 . No. of records examined - 1 48 


Count 


2. Findings: Test ok 

Confirmed failure 
Incidental failure 

3. Failure manifestation (confirmed failures only) 

Flag/ warning indication 
Navigation error 
Inoperative 
Fails self test 
Other 


16 1 1 

96 65 

36 24 


60 

22 

12 

") 

4 


4. Failure rate 

(3 units/airplane) (61.944 airplane flight hours) = 185,832 unit hours 

Number of removals in time period = 258 

Percentage failures (confirmed + incidental) = 897r 

Assume 53% of failures have a potential AFCS impact 

60 % confidence - X < 670 failures/ 10 hours 

MTBF 5= 1492 hours 


Central Air Data Computer PA No. 73404/73460 


No. of records examined - 137 . 

Count 

Findings: Test ok 

62 

51 

Confirmed failure 

Incidental failure 



3. Failure manifestation (confirmed failures only) 

Aititude/Mach performance 
Altitude/Mach flag 

True air speed/static air temp/Total air temp 
Inoperative/all flags 

Auto fliglit control system performance 

Fails BITE test 

Other 


45 

37 

18 


33 

8 

10 

27 

12 

T 

8 
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4. Failure rate 


(2 units/airplane) (61 ,944 airplane flight hours) = 123,888 unit hours 
Number of removals in time period = 185 
Percentage failures (confirmed + incidental) = 55% 

Assume 40% of failures have a potential AFCS impact 
60% confidence -X < 342 failures/ 1 0^ hours 

MTBF > 2924 hours 


Magnetic Heading Reference Compass Coupler PA No. 73412 

1 . No. of records examined - 64 

2. Findings: Test ok 

Confirmed failure 
Incidental failure 

3. Failure manifestation (confirmed failures only) 


Count 

24 

40 

0 


Heading flag 

No. Slaving/inop/erratic 

Auto flight control system heading ref. 


% 


38 

62 

0 


43 

52 

5 


4. Failure rate 

(2 units/airplane) (61 ,944 airplane flight hours) = 123.888 unit hours 

Number of removals in time period = 40 

Percentage failures (confirmed + incidental) = 62% 

Assume 77% of failures have a potential AFCS impact 

60% confidence -X < 1 63 failures/ 1 0^ hours 

MTBF > 6 122 hours 

Component Reliability Summary 

The rates shown in the table 5-9 have been derived from the 6 month observation penod 
and have a 60% confidence factor. 
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5.2.2 SYSTEM FUNCTIONAL RELIABILITY - FULL CATEGORY II 


There are three Inertial Navigation Units installed on each Pan American airplane. However 
the third INU is not tied into the autoland function and therefore for reliability purposes 
the Inertial Navigation System (INS) input will be regarded as a dual system equivalent to 
that used on the United airplanes. Full Category II is lost if either of the two INU’s fail. 

Functional Reliability 

Figure 5-10 illustrates the flight control system equipment required for operations into 
defined minimum category II weather conditions. Also included in figure 5-10 are the in- 
dividual failure rates determined in section 5.2.1. Since a failure of any one of these 
elements results directly in a loss of full category II capability, the reliability model is a 
series string of elements. Hence the system f . motional reliability can be expressed as 

n 

^cat II ~ X: 
i=I ' 

where Xj = mean failure rate (10^ hrs) of each element 
n = total number of eleme.'iis 

Using the individual failure rates shown i.i figure 5.2.1 the system functional reliability for 
this defined configuration is: 


Xcat n “ failures/ 10^ hrs 
Functional Readiness 

Functional readiness has been defined as the probability that the prescribed function is 
available after some time (t) of system operation. Thus, the functional readiness (FR) is 
equal to unity at time zero and decreases towards zero for long exposure times. For the 
747 full Category II flight control system configuration, since every element must operate 

n 

FR(t) = /7 Rj 
i=l 

-X:t 

where Rj = probability of module i surviving = e ' 
n = number of modules 
t = mission length 

For those modules which include two identical elements, Xj = 2X where X is the mean unit 
failure rate calculated in section 5.1 . For example for the 747 configuration described by 
figure 5-10: 

^^Full Cat II ^ ^Radio Alt ' ^INS ' ' • ^Pitch Computer * ^Roll Computer 


ORIGINAL PAG® B 
OF POOR QUAIXfif 


87 



Figure 5-10.-747 Category // System Interface Block Diagram 











Using as tlie time interval (t) the average mission time for Pan American 747 fleet of 4.2 1 hrs 
(appendix D) tins results in a 97.40% probability tliat the system will be capable of full 
category II operation at the end of the flight given that it was fully operational at the start. 

5.2.3 SYSTEM FUNCTIONAL RELIABILITY — RESTRICTED CATEGORY II 

As previously described, the 747 flight control system is qualified for restricted Category II 
operations with either the A or B channel autopilot inoperative provided the C Channel 
flight director is operational. Minimum weather conditions for restricted Category II 
operations are defined as 1 50 feet decision height and 1600 feet RVR. This says in effect 
that weather conditions at or above these minimums can be entered with any one of the 
three roll and/or pitch computers inoperative. For restricted Cat II operations the pitch and 
roll computer stages can therefore be viewed as TMR (Triple Modular Redundancy) for 
reliability assessment purposes. 

The following paragraphs discuss the functional reliability and functional readiness charac- 
teristics of the 747 restricted Cat II configuration flight control system. 

Functional Reliability 

The only difference in dealing with the restricted Cat II system as opposed to the full Cat II 
is in modeling the failure rate of the pitch and roll computer modules. In the case of a 
module containing two identical elements, e.g. pitch computers for which both are 
required for functional success Xduai = 2Xelement. However, with redundant systems, 
single failures can occur which do not cause system failure. In order to determine the 
system failure rate a measure of how failures are treated must be made. In other words 
inspection intervals have to be established where all components are checked for function 
and any failed components are replaced. 

In general failure rate is defined by 


• -1 dR 


where R is tire probability of survival and X(t) is the failure rate wliieh is dependent on time t. 

Witli a regularly inspected and repaired redundant system, the system will have the same 
probability of failure in each interval of length T. Hence, over long periods of time it will 
fail exponentially (a constant average failure rate) with an MTBF given by 


Mt = 


0 


IfR (t) dt 


1-R(T,0) 


M-p is the system MTBF when the system is inspected and repaired, if necessary every, 
T hours. 
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For a TMR stage (3 pitch or 3 roll computers), two must operate for system operation. 
The survival probability of the TMR stage 

-2X,t -3X,t 

%MR “ ^ ® 

where X^ = ^^COMPUTATION CHANNEL 

^ROLL COMPUTER VlTCH COMPUTER 
The MTBF of the TMR stage is a constant and given by 


-2X^,T 

5/6- 3/2 e H-2/3e 

-2XJ -3XJ 
l-3e +2e 


Also the average failure rate 

/ -x,t 

6X ll-e 

x(t)= 

3-2e 

A test of the MTBF equation shows that as the inspection interval T approaches infinity ie 
single failures are not repaired, then the MTBF approaches 5/6X^. However, as the inspec- 
tion interval reduces towards every flight the MTBF becomes a very large number (M-j- for 
TMR = 105,216 hrs). 

For restricted Cat II operation, as the MTBF for the pitch and roll computer stages is much 
greater than the MTBF for ail the other elements, the system functional reliability can be 
expressed as the sum of the individual failure rates as calculated for the full CAT II 
reliability less the pitch and roll failure rates. 


= 6176-2 1484 + 416] /lO^ 

^Restricted Cat II ^ 

= 4448 failures/ 10“ hrs. 


This failure rate f - - r . ant when the computation channel failure rate is not included. 
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Functional Readiness 


Functional readiness of at least the restricted Category II configuration is computed in the 
same manner as for the full Category I except for the survival probability of the TMR stages. 
In the TMR case: 

R = r^ + 3r^(l-r) 

where R = probability of module surviving 

r = probability of an element surviving = e'^^ 

Using a mission time of 4.27 hours: 


FR(t) = HRj =.9812 

or a probability that the system will be at least capable of operating into restricted Category 
II conditions of approximately 98.12% given that it v/as fully operational at the start of the 
mission. 

5.2.4 CATEGORY II AVAILABILITY 

The Category II availability is based on a daily QXI (MEL tracking) report for the 6 months 
period March thru August 1977. 

Full Category II is defined as autoland (dual) availability with minimums of 1200 Ft. RVR 
and 100 Ft. DH. Restricted Category II is defined as single channel autoflight control with 
minimums of 1600 Ft. RVR and 150 Ft. DH, 

Review of the QXI sheets shows that all restrictions were dual (autoland) operation not 
available. There were no items in which both autofliglit control systems were inoperative. 

Tabulation of the daily average percentage of the fleet with full Category II availability is 
as follows: 


March 

96.05% 

June 

92.48% 

April 

93.29% 

July 

89.91% 

May 

91.35 

August 

91.16% 

6 months average availability = 

92.37% 


The stations in wliich Pan Am flies, on its scheduled routes, which are Category 
ficated are: 

JFK 

New Yoik, N.Y. 

DTW 

Detroit, Mich. 

lAD 

Washington, D.C. 

ORD 

Chicago, III. 

DFW 

Dallas/Ft. Worth 

TXL 

Berlin (Tegal) 

SFO 

San Francisco, CA 

MUC 

Munich, Germ. 

LAX 

Los Angeles, CA 

LHR 

London, U.K. 

SEA 

Seattle/Tacoma, WA 

AMS 

Amsterdam, Neth. 
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6.0 MAINTENANCE ASSESSMENT-UNITED AND PAN AMERICAN 


The major elements of maintenance assessment are line maintenance, shop maintenance, 
delays and cancellations, and the sparing activity. Each of these elements contributes to 
maintenance cost. 

Line Maintenance 

The measure of line maintenance cost is given by the manhours expended to remove and 
replace components on the airplane. Included is the time spent for test and check of 
components and system. Each component replacement is considered a line maintenance 
event. The manhours can be expressed in terms of maintenance events and also in terms ol 
airplane flight time. 

One measure of the maintenance effectiveness achieved at the line level is what is commonly 
referred to as the verification rate. Quite simply, the verification rate is die ratio of venlied 
equipment removals to the total number of removals. A removal is verified if the removal 
and replacement corrects the malfunction and/or the stop maintenance operation finds 
the removed unit to have a failure which can be directly related to the noted reason tor 
removal. 


Shop Maintenance 

As with line maintenance, the shop maintenance is expressed in manhours expended in 
restoring/overhauling components. A major contributor to shop maintenance also are the 
material costs associated with overhaul. The shop maintenance costs are thus a sum of the 
manhour costs and the associated material costs. 

When components are returned to the vendor for overhaul or work, the cost is not included 
in the data. 

PA shop material cost was provided in cost per unit removed and routed through the shop. 
UA only used material charges against verified failures so the PA data \>'as dcvslnped to 
show these same unit costs per verified failure using the percent failures provide ! in the data. 


6.1 LINE MAINTENANCE 

The United Airlines line maintenance assessment is presented in the form of manhours 
expended and total maintenance events on a monthly basis split up by ATA 100 chapter 
headings (see Appendix C). Twelve months results from July 1975 through June 1976 are 
totaled for the autopDot system (ATA Chapter 22) as shown. The shared components and 
servo components are not included in Chapter 22. 
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Autopilot System Components- Average Manhour per Event = 1 .53 (ATA Chapter 22) 

For Pan American the component replacement, check and test times have been identified 
for each AFCS component (see Appendix D). In order to arrive at an average manhour per 
event for comparison with United Airlines results, the total removals for the period Decem- 
ber 1976 through May 1977 are used as a data base. 

For ATA Chapter 22 components 


Avg. Manhour per event 


E (Component manhour/event x no. of removals) 
Total number of removals 


842 

= 7 ^ = 1 .44 manhoi rs per event 


Removal/Verification Rates 

For United Airlines the following sections identify, for each electronic element in the 747 
flight control system, the removal rate, the reasons for removal and the associated verifica- 
tion rates. This information has been derived from the one-year l&R tag removal histories 
as documented in appendix A. 

Pitch Computer 


Symptom 

Removals 

Verified 

Unverified 

A/P performance 

43 

20 

23 

Failure warning 

23 

12 

1 1 

Engage/ disengage 

13 

4 

9 

BITE 

41 

16 

25 

Inoperative 

6 

4 

2 

Other 

7 

2 

5 

Total 

133 

58 

75 


MTBR = 


1 6 1 424 unit flight hrs 
133 removals 


= 1214 hrs 


Verification rate 


58/133 =43.6% 
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Roll Computer 


Symptom 

Removals 

Verified 

Unverified 

A/P performance 

38 

16 

22 

Fails BITE 

35 

19 

16 

Engage/disengage 

15 

10 

5 

Warning indication 

12 

8 

4 

Inoperative 

6 

3 

3 

Other 

2 

1 

1 

Total 

108 

57 

51 


161424 unit fit hrs 
MTBR - 108 removals 

= 1495 hrs 



Verification rate = 57/108 = 

53% 


Yaw Computer 




Symptom 

Removals 

Verified 

Unverified 

Fails BITE 

5 

3 

2 

Warning light 

11 

4 

7 

Turn indication 

6 

5 

I 

Erratic/kicks 

3 

0 

3 

Inop 

4 

4 

0 

Other 

5 

0 

5 

Total 

34 

16 

18 


107616 hrs 

MTBR = r; T 

34 removals 


3165 hrs 


Verification rate = 16/34 - 47% 





Monitor and Logic Unit 


Symptom 

Removals 

Verified 

Unverified 

Engage/disengage 

12 

5 

7 

Warning light/horn 

13 

5 

8 

Fails BITE 

4 

2 

2 

Mode lights 

7 

2 

5 

Camout 

1 

1 

0 

Other/unknown 

5 

0 

5 

Time 

10 

0 

10 

Total 

52 

IS 

37 

*MTBR = 

53808 hrs . 

, = 1035 hrs 
52 removals 



^Verification rate = 15/52 - 28.S% 



*Excludes scheduled or time controlled removals. 



Auto Stab Trim Computer 




Symptom 

Removals 

Verified 

Unverified 

Fail light 

21 

13 

8 

FaU BITE 

4 

4 

0 

Inoperative 

7 

5 

2 

Causes A/P disconnect 

1 

0 

1 

Other 

1 

0 

1 

Total 

34 

22 

12 

MTBR = 

53808 hrs 

- 1583 hrs 

34 removals 



Verification rate = 22/34 = 65% 
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Auto Throttle Computer 

Symptom 

Removals 

Verified 

Unverified 

Does not respond properly 

(overboosts) 

17 

4 

13 

Warning light 

2 

2 

0 

Inoperative 

3 

1 

2 

Other 

4 

2 

2 


— 





Total 26 

53808 hrs 

MTBR = = 2070 hrs 

26 removals 

Verification rate = 9/26 = 35% 

9 

17 

Mode Select Panel 

Symptom 

Removals 

Verified 

Unverified 

A/T control 

2 

2 

0 

Alt select functions 

6 

4 

2 

Course select function 

5 

2 

3 

Hdg select fimction 

3 

3 

0 

Pitch mode sw 

2 

2 

0 

Lateral mode sw 

0 

0 

0 

F/D bars 

7 

2 

5 

Engage/disengage 

10 

1 

9 

Other 

13 

2 

11 

Total 

MTBR = 

48 

53808 hrs 

AO ,=1121 hrs 

48 removals 

18 

30 


Verification rate = 18/48 = 38% 



Controller 




Symptom 


Removals Verified 


Aileron hardover 
No manual modes 
Physically damaged 
A/P warn/disengage 
Heading error 
Porpoising 
Rough pots 

Total 


MTBR = 


1 

1 

1 

4 

1 

1 

1 

10 

53808 lirs 
1 0 removals 


= 5381 hrs 


Verification rate = 3/10 = 30% 
Accelerom eter— 1 Rem oval 


1 

1 

1 

0 

0 

0 

0 

3 


Trim interface unit 


Symptom 


Removals Verified 


Warn light 
Erratic/ inoperative 
Other 

Total 


7 

2 

1 

10 


MTBR = 


53808 hrs 
1 0 removals 


= 5381 his 


0 

0 

0 

0 


Verification rate = 0% 


Unverified 

0 

0 

0 

4 

1 

1 

1 

7 


Unverified 

7 

2 

1 

10 
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AFCS Accessory Box 1 


Unverified 


Symptom 

A/P warning/ disengage 
F. D. annunciator inop 

Total 


Removals 

2 

1 

3 


MTBR = 


53808JHS ^ 
3 removals 


Verification rate = 33% 


Verified 

1 

0 

1 


AFCS Accessory Box 2 

Symptom 

Chronic P/A test 

A/P disengage 

Causes pitch comp, to fail 

Total 


MTBR 


Removals 

1 

1 

1 

3 

,7936 

3 removals 


Verification rate - 0% 


Verified 

0 

0 

0 

0 


Auto Tlirottle Servo 

Symptom Removals 


A/T inop 
Other 

Total 


1 

2 

3 


MTBR = 


SSHi = ,7936 
3 removals 


Verification rate = 0% 


Verified 

0 

0 

0 


1 

1 

2 


Unverified 

1 

1 

1 

1 


Unverified 

1 

2 

3 
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ILS Receiver 


Symptom 


Removals 


Verified 


Unverified 


Warning indication 
Weak output 
Inoperative 
Fails BITE 
Autoland disconnect 
Other 


107616 hrs 

MTBR = — r = 156Uhrs 

69 removals 

Verification rate = 19/69 = 2S% 


Radio Altimeter 


Symptom 


Removals 


Verified 


Unverified 


Inoperative 

Erratic/erroneous altitude 

Fail warning 

GPWS 

Autoland warn 
Fails BITE 
Other 


107616hrs 

MTBR = Tr 1764 hrs 

61 removals ' 

Verification rate = 18/61*= 30% 
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INS Computer 


Symptom 


Malf. code/warn 

Error 

Inop 

A/P performance 
Other 

Total 


Removals 

64 

7 

7 

8 
8 

94 


Verified 

56 

5 

7 

0 

1 

69 


MTBR = 


107616 hrs 


= 1145 hrs 


Air Data Computer 

Symptom 

Alt/Mach perf 
Alt/Mach flag 
TAS/SAT/TAT 
Inop/all flags 
A/P perf 
BITE 
GPW/ATC 
Other 

Total 


94 removals 
Verification rate = 69/94 = 73% 

Removals 

26 
19 
8 

19 

9 
4 
4 

10 

99 


Verified 

9 

9 

5 

8 

2 

3 

1 

0 

37 


107616 hrs 

MTBR = 7 = 1087 hrs 

99 removals 

Verification rate = 37/99 = 37% 


Unverified 

8 

2 

0 

8 

7 

25 


Unverified 

17 

10 

3 

II 

7 

1 

3 

10 

62 




Compass Coupler 


Symptom Removals Verified 


Hdg Flag 

No slave/inop/erratic 
A/P hdg hold 
Hdg error 
Other 

Total 


MTBR = 


4 

8 

2 

2 

3 

19 

107616 hrs 
19 removals 


= 5664 hrs 


2 

4 

1 

0 

0 

7 


Verification rate - 7/19 = 37% 


Attitude Director Indicator 


Symptom 

Removals 

Verified 

ILS display 

9 

8 

Attitude display/flag 

27 

10 

R’.vy display/flag 

35 

22 

Turn and bank ind. 

6 

3 

Flight director flag 

29 

20 

Flight director display 

20 

13 

Other 

1 

0 

Total 

127 

76 


107616 hrs 


MTBR = 

1 27 removals 



Verification rate = 76/127 - 60% 


Unverified 

2 

4 

1 

2 

3 

12 


Unveurified 

1 

17 

13 

3 

9 

7 

51 





Summary of Verification Rates — United Airlines and Pan American 

The verification rates for Pan American were extracted from the shop finding results identi- 


fied in Section 5.2. 

Verification rate = 

confirmed faUures . 

number of records examined 


V 

Major Computers 

Verification rate percent 
United Pan American 


Computer, pitch 

44 

31 


Computer, roll 

,53 

40 


Computer, yaw damper 

47, - 

49 


Unit, monitor and logic 

29 

32 


Unit, auto stabilizer trim 

65 

36 


Computer, auto throttle 

■ - 35 

72 


L ^ jicated Sensors 
Box, accessory stabilizer trim 

0 

^ . 3 - 


Box, accessory #1 

33 

: 23 ; ■ , . . 


Box, accessory #2 

0 

15 


Control/Dispiay Units 
Panel, mode select 

38 

57 


Control, A/P flight 

30 

37 


Indicator, attitude director 

60 

52 


Shared Sensors 




Receiver, navigation 

28 

25 


Transceiver, low range radio alt. ‘ 

30 - , 

42 ^ 


Unit, inertiaPnavigation 

w : V3 

65 


Computer, central air data 

: ; - . 37; 

37 


Coupler, MHR compass 

37 . 

62 


:T02/": V 






6.2 SHOP MAINTENANCE 


The basic cost elements that make up sliop maintenance cost are labor manhours per removal 
and material cost per failure. Both these cost elements have been extracted from the 
maintenance assessment appendixes (United Airlines-Appendix C and Pan American- 
Appendix D). The results are shown in Table 6-1. 

Total shop maintenance costs can be computed from the manhour and material cost for 
each component as follows: 

Shop cost/year = labor manhours per removal 
X labor rate ($/Hour) 

X no. of removals per year 
+ 

material cost per failure 
X no. of failures per year 
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Table 6-1. -Shop Maintenance Costs 

Labor manhour Material cost 

per removal per failure 


United 


Major Computers 


Computer, pitch 

10.0 

Computer, roll 

9.6 

Computer, yaw damper 

2.9 

Unit, monitor and logic 

4.5 

Unit, auto stabilizer trim 

4.5 

Computer, auto throttle 

4.5 

Dedicated Sensors 


Accelerometer, normal 

6.0 

Box, accessory stabilizer trim 

1.6 

Box, accessory #1 

5.7 

Box, accessory #2 

5.5 


Control/Display Units 


Panel, mode select 

6.8 

Control, A/P flight 

5.0 

Light Set, flight mode annunciator 


indicator, attitude director 

4.3 

Shared Sensors 


Receiver, navigation 

8.0 

Transceiver, tow range radio alt. 

5.1 

Unit, inertial navigation 

21.2 

Computer, central air data 

12.8 

Coupler, MHR compass 

4.4 


Pan Am United Pan Am 


7.3 

265.78 

107.13 

5.9 

260.90 

86.28 

4.7 

6.17 

10.20 

5.0 

213.92 

42.10 

7.2 

159.67 

26.38 

17.1 

42.04 

261.86 

3.2 

0 

0 

3.5 

0 

0 

3.8 

54.64 

8.40 


4.7 

61.81 

70.30 

5.3 

89.06 

.85 

5.1 

— 

— 

8.7 

20.79 

267.37 


12.3 

20.90 

15.64 

7.8 

15.98 

5.34 

56.6 

(571.901 

0.00' 

13.0 

53.92 

141.18 

12.6 

16.44 

• 2.69 


1282.02 

1045.72 


*Returned to vendor 



6.3 SCHEDULE IRREGULARITY 

When an airborne system failure An industry 

1 thffol’lowing delay and cancellation costs for 747 aircraft: 

Cost for typical delay of 40 rain: S 550 -SI, 190 

Cost for cancellation of flight: S 1 ,500 - $5 ,000 

The composition of these costs i„clo~ ^ "Sti" »ts“r,toOi- 
comodations for passengers, reliability, schedule similarity, load factors, 

tion, many intangible items such as p c,,bstantiate All these items have different 
etc. are important factors, although f “ is evidenced by the large 

values depending upon the ^ ^ ^.^sts 0 / night schedule interruptions as 

rfhr:rhiTurer:;rs 

747 delay cost per hour per delay: $ 300 

747 cancellation cost per departure: S3, 600 

Bocinghas, Since the inttoduction hIsS —ntat 

te tWsCdy“ “ "" 

sctxrch 

Because of the difference in route structure a different value was used for delays and cancel- 
lations for the two airlines. 


Average cost per delay hour for delays 
Average cost per flight cancellation 
No. of delays 
No. of cancellations 
Resulting cost for all interruptions 
Total flight hours in study 
Interruption cost per flight hour 
Total flights in study 
Intemiption cost per flight 


PA 

UA 

S 500.00 

$. 300.00 

S 4,000.00 

$ 3,600.00 

15 

51 

2 

2 

$14,780.00 

$13,251.00 

61,943 

53,808 

S 0.24 

$ 0.25 

14,405 

13,304 

$ 1.02 

$ 1.00 
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7.0 FIRST COST SUMMARY 


The costs examined to this point are direct maintenance costs involving line and shop labor 
and material. From a broader viewpoint of assessing a total cost of owning the AFCS, other 
costs such as hardware acquisition costs, initial maintenance and flight crew training costs 
must be taken into consideration. A detailed cost-of-ownership computation is out of the 
scope of this study; however, a summary of each item should serve to illustrate the magni- 
tude of line and shop cost as compared to the total cost. The following first cost items are 
divided into two broad categories: hardware costs and spares costs. 

The following coses are those from United Airlines. 

One Time Costs 

Hardware acquisition cost 

Spares acquisition cost 

Initial cost of maintenance crew training 
Initial cost of flight crew training 

Inventory cost per airplane in fleet is . . 

Note: 

Above costs are for AFCS computers, servos, and dedicated sensors tc ' ’pport the fleet 
of 18 747’s. 

Similar inventory data from Pan American includes: 


Hardware acquisition cost S4,284,992 

Spares acquisition cost SI ,256,967 

Total inventory 35,541,959 

Inventory cost per airplPjjje in fleet is $173, 186 


I 

* i 


32,809,399 
S 867,161 
$ 65,800 

S 368,520 

S4,l 10,880 
,$ 204,254 
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APPENDIX A 
UNITED AIRLINES 


COMPONENT INSPECTION AND REMOVAL (I&R) TAG HISTORIES 
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APPENDIX B 


UNITED AIRLINES 


INS' A1.LATI0N AND REMOVAL HISTORIES FOR MAJOR COMPONENTS 


PITCH COMPUTER 


ON 



UNIT 




AIRPLANE 

LINE 

S/N 

AIRPLANE 

DATE 

TIME 

1 

1 




8003 

2 

2 




8013 

3 





03 

4 





18 

5 





19 

6 





19 

7 


8012 

02-14-75 

14678 

12 

8 


03 

04-18-75 


03 

9 


03 

07-13-75 

727 

03 

10 


13 

04-09-76 

T/997 

03 

11 


11 

09-06-73 

non 

11 

12 


20 

09-19-73 

7907 

20 

13 


11 

07-09-74 

12485 

11 

14 


13 

10-20-74 

13702 

13 

15 


12 

01-08-75 

14820 

3 

16 






17 


32 

03-18-75 

7075 

32 

18 


32 

04-25-75 

7358 

32 

19 





19 

20 


14 

11-03-75 

16176 

14 

21 


13 

01-20-76 

17502 

13 

‘ 22 


12 

04-18-76 

18031 


* 23 


27 

11-08-74 

8555 


24 

4 

29 

08-27-74 

5067 

29 


25 

26 

27 

28 

29 

30 


04 


12-17-72 


JAL LOAN 
11 
03 

7711 04 

LOAN TO 
? 


OFF 

DATE 

07-14-70 

01-04-71 

07-18-73 

04-10-74 

09-13-74 

12-10-74 

09-29-75 

06-26-75 

03-06-76 

03- 06-76 
09-09-73 

09-07-74 

11- 27-74 

02-18-75 

04- 14-75 
04-25-75 
08-31-75 

12- 16-75 
04-09-76 


09- 14-74 

10- 18-74 
01-24-76 

11- 11-72 

12- 20-72 
N.W. 


TIME STATUS 
FV 

^'14 FV 

10444 OK 

11308 OK 

12147 OK 

14684 FV 

627 FV 

2628 OK 

2628 OK 

10148 OK 

9809 OK 

13415 FV 

14037 OK 

14670 OK 

7335 FV 

7358 FV 

14461 FV 

16407 FV 

17997 OK 


5228 OK 
FV 

12209 FV 
7261 OK 

7741 OK 

OK 
OK 
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181 




ON 

LINE 

UNIT 

S/N 

AIRPLANE 

31 



32 



33 



34 


28 

35 


28 

36 


20 

37 

6 

14 

38 



39 



40 


13 

41 


17 

42 


28 

43 


32 

44 


13 

45 

7 


46 


12 

47 


32 

48 


32 

49 

8 


50 



51 



52 



53 



54 



55 



56 



57 


12 

58 

9 


59 



60 


10 


PITCH COMPUTER (Continued) 


DATE 

TIME 

AIRPLANE 



10 



23 



10 

08-11-75 

7884 

28 

10-02-75 

8292 

28 

06-14-76 

16643 

20 

01-14-79 

10540 

11 


JAL LOAN 


09-22-74 

13565 

13 

03-30-75 

14548 

17 

07-03-75 

7452 

28 

04-29-76 

10388 


01-21-79 

11317 

04 

01-26-76 

17341 

12 

04-20-76 

10292 

32 

04-27-76 

10373 

32 


8012 

04 

13 

14 
19 

19 
03 
12 

11-08-75 16911 12 

14 

20 

06-28-75 1773 10 


OFF 


DATE TIME STATUS 


03-05-73 

8473 

FV 

05-01-73 

4495 

FV 

07-21-75 

1950 

OK 

08-14-75 

7938 

OK 

04-30-76 

10004 

FV 

06-15-76 

? 

OK 

08-18-74 

13254 

OK 



FV 

03-05-75 

148 

FV 

06-06-75 

15088 

OK 

04-09-76 

9787 

OK 


12-03-76 

2411 

FV 

04-02-76 

17913 

OK 

04-24-76 

10336 

OK 

06-11-76 

10769 

OK 

09- -70 

48 

OK 

10-21-70 

643 

OK 

12-30-70 


FV 

05-17-71 


OK 

11-29-71 

1480 

FV 

10-31-74 

11748 

FV 

04-18-75 

3 ? 

FV 

09-22-75 

16598 

FV 

01-26-76 

17341 

FV 

01-07-72 

3721 

OK 

06-24-72 

3284 • 

OK 

10-19-72 

7062 

OK 


182 


PITCH COMPUTER (Continued) 


LINE 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 
81 
82 

83 

84 

85 

86 

87 

88 

89 

90 


UNIT 

S/N 


10 


11 


ON 


12 


04 


23 

14 

17 

12 

13 

13 


19 

03 

28 

11 

03 

23 

32 

09 


OFF 


AIPRLANE 


date time airplane pAJi. 


02-20-76 


12-19-74 

06- 07-75 
11-11-75 
04-17-76 
04-24-76 
04-14-73 

07- 01-73 


03 04-06-74 


TIME 


STATUS 


12-10-74 

10-30-75 

04-30-76 

09- 07-74 
07-04-75 

10- 04-75 

02- 24-76 

03- 13-76 






? 


OK 


11 

01-09-74 

11327 

OK 


17 

06-04-75 

15078 

OK 


32 

06-18-75 

7808 

OK 


10 

02-08-76 


OK 

2832 

13 

04-14-73 

8521 

FV 


23 

07-01-73 

5162 

FV 

10391 

23 

05-27-75 

11773 

FV 

14819 

14 

11-03-75 

16176 

FV 

16453 

17 

3-20-76 

17384 

OK 

18072 

12 

04-18-76 

18081 

OK 


18029 

8521 


5162 

23 

07-03-73 

5188 

FV 


20 

02-17-74 

9406 

OK 

12265 


23 

11-10-74 

10100 

OK 


10 

12-03-74 

14459 

FV 

12147 

19 

08-31-75 

14406 

FV 

1754 

03 

04-08-76 

2865 

FV 


10004 

13415 

680 

Q 

12966 

09843 

2981 


03 

07-15-75 

727 

FV 

, LOAN 

07-28-75 


OK 

23 

01-26-76 

13029 

OK 

32 

03-03-76 

? 

FV 

10 

05-L2-76 

4219 

FV 

23 

06-23-76 


FV 
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PITCH COMPUTER CContinued) 


ON OFF 


LINE 

UNIT 

S/N 

AIRPLANE 

DATE 

TINE AIRPLANE 

DATE 

TIME 

STATUS 

91 


23 

12-02-72 

2966 





92 

13 

17 

06-03-74 

11843 

17 

07-20-74 

12257 

OK 

93 


12 

08-08-74 

13135 

12 

08-14-74 

13191 

OK 

94 





13 

10-20-74 

13702 

FV 

95 


27 

11-08-74 

3655 

27 

08-04-75 

10841 

OK 

96 


20 

08-21-75 

14321 

20 

12-29-75 

15345 

FV 

97 


04 

01-11-76 

2591 





98 

14 

11 

07-32-72 

5912 





99 





8003 

07-09-74 

13041 

OK 

100 


28 

07-27-74 

4512 

28 

07-03-75 

7452 

CK 

101 


10 

07-21-75 

7950 

10 

11-27-75 

3045 

FV 

102 


04 

12-04-75 

2418 

04 

12-04-75 

2418 

FV 

103 


8011 

02-28-76 

17470 

11 

03-27-71 

HMV 

OK 

104 


28 

04-09-76 

9787 





105 

15 




11 

02-15-74 

11639 

OK 






17 

05-06-74 

11594 

OK 

107 





16 

07-14-74 

12282 

FV 

108 


11 

08-14-74 

13254 





109 





10 

02-13-75 

3528 

FV 

no 


10 

02-27-75 






111 

16 




27 

04-30-75 

11773 

OK 

112 


17 

06-10-75 

15122 

17 

09-03-75 

15892 

FV 

113 


32 

09-07-75 

8613 

32 

10-01-75 

8819 

OK 

114 


32 

10-16-75 

8934 





115 


35 

07-15-74 






116 

17 




33 

12-19-74 

4439 

FV 

117 


18 

01-06-75 

12624 

18 

04-27-75 

13628 

OK 

118 


18 

05-21-74 

10521 

18 

06-10-75 

13964 

OK 

119 


32 

06-18-75 

7808 

32 

02-24-76 

9843 

OK 

120 


32 

02-28-76 

9870 

32 

03-01-76 

9935 

FV 


184 



PITCH COMPUTER (Continued ) 


ON OFF 


LINE 

UNIT 

S/N 

AIRPLANE 

DATE 

TIME 

AIRPLANE 

DATE 

TIME 

STATUS 

121 


32 

04-24-76 

10335 

32 

05-07-76 

10456 

OK 

122 


10 

03-13-74 

12177 





123 

18 

10 

01-16-75 

296 

10 

06-28-75 

1773? 

OK 

124 


11 

07-16-75 

15850 

JAL LOAN 

07-15-75 


OK 

125 


14 

05-17-71 

? 





126 

19 




11 

06-20-72 

5457 

OK 

127 





12 

06-24-72 

5844 

OK 

128 


11 

07-31-72 

5907 

11 

07-32-71 

5912 

OK 

129 





04 

08-28-72 

6981 

FV 

130 





04 

12-17-72 

7711 

OK 

131 





04 

07-02-75 

1067 

FV 

132 


11 

07-16-75 

15851 

11 

03-27-76 

17613 

FV 

133 


03 

04-08-76 

2865 





134 

20 




20 

07-17-73 

7277 

FV 

135 





14 

08-13-73 

9140 

FV 

136 





? 

09-06-73 


FV 

137 





12 

10-21-73 

10515 

OK 

138 





14 

12-03-73 


FV 

139 


29 

01-09-74 

2847 

29 

08-27-74 

5067 

OK 

140 


27 

09-01-74 

7950 

27 

10-21-74 

8402 

FV 

141 


19 

11-08-74 

11835 





142 


18 

04-23-75 

13586 





143 

21 

17 

06-06-75 

15088 

17 

06-10-75 

15122 

FV 

144 





17 

09-03-75 

? 


145 





13 

11-04-75 

17094 


146 






12-01-75 



147 


35 

01-18-76 

8746 

35 

01-28-76 

8833 


148 


27 

02-22-76 

12485 

27 

02-25-76 

12517 


149 





35 

03-10-76 

9245 


150 


35 

03-13-76 

9229 
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PITCH COMPUTER (Continued) 


OFF 


ON 


LINE 

UNIT 

S/N 

AIRPLANE 

DATE 

TIME 

AIRPLANE 

DATE 

TIME 

STATUS 


151 

22 

32 

04-26-75 

7358 

8032 

05-18-75 

7521 

OK 


152 


17 

09-03-75 

15892 

17 

11-11-75 

16453 

FV 

m 

153 


04 

12-04-.?5 

2418 

04 

01-11-76 

2591 

OK 


154 


27 

01-24-76 

12209 

27 

01-30-76 

12266 

FV 

1 

155 


27 

02-25-76 

12517 

27 

05-22-76 

13351 

OK 

- 

156 


10 

06-07-76 

14860 






157 


17 

06-26-75 

18228 






158 

23 

32 

04-14-75 

7325 

32 

05-13-75 

7476 

FV 


159 


28 

07-03-75 

7452 

28 

07-22-75 

7666 

OK 


160 


12 

10-31-75 


12 

11-08-75 

16911 

FV 


161 





LOAN JAL 

8 Hrs 


OK 


162 


13 

01-27-76 

17551 

13 

02-03-76 

17601 

FV 


163 





10 

02-08-76 

3479 

OK 


164 


35 

02-18-76 

8987 

35 

03-01-76 

9112 

OK 


165 


27 

03-18-76 

12729 






166 

24 




12 

07-05-74 

12812 

FV 


167 





28 

01-05-75 

6159 

OK 


168 


12 

02-21-75 

14688 

12 

04-09-75 

15517 

FV 


169 





18 

4-16-75 

13579 

FV 


170 


18 

04-27-75 

13628 






171 


12 

02-21-75 

14688 






172 

25 




14 

06-07-75 

14819 

FV 


173 


28 

07-30-75 

7741 

28 

08-11-75 

7 

OK 

- 

174 


16 

09-06-75 

15945 

16 

10-31-75 

16414 

OK 


175 


13 

11-04-75 

17094 

13 

11-24-75 

17159 

FV 


176 


35 

01-28-76 

8833 

35 

02-17-76 

8987 

FV 

• 

177 


10 

02-27-76 

3655 

10 

03-05-76 

3719 

FV 


178 


32 

04-08-76 

10191 

32 

04-27-76 

10373 

FV 


179 


18 

11-07-73 

8814 






180 

26 

14 

01-14-74 

10540 

14 

02-22-74 

10895 

OK 



186 


PITCH COMPUTER (CONTINUED) 


OFF 


ON 


LINE 

UNIT 

S/N 

AIRPLANE 

DATE 

TIME 

AIRPLANE 

DATE 

TIME 

STATUS 

181 


32 

02-27-74 

3607 

32 

04-15-75 

7333 

OK 

182 


14 

05-02-75 

14523 





183 





12 

05-09-75 

15501 

OK 

184 





11 

07-16-75 

15850 

FV 

185 


28 

07-22-75 

7666 

28 

07-30-75 

7741 

FV 

186 


28 

08-19-75 

7915 

28 

04-30-76 

10004 

FV 

187 


10 

06-15-76 

4591 





188 


14 

05-05-71 

1363 





189 

27 




11 

07-31-72 

5907 

FV 

190 





23 

12-02-72 

2966 

FV 

191 





04 

05-05-75 

58?? 

FV 

192 


16 

08-05-75 

15736 

16 

09-06-75 

15945 

OK 

193 


12 

09-22-75 

16598 

12 

05-01-76 


OK 

194 


12 

06-29-72 

5844 





195 

28 




18 

05-21-74 

10521 

FV 

196 





03 

07-26-74 

13216 

FV 

197 


12 

08-06-74 

13127 

12 

02-21-75 

14688 

FV 

198 


20 


13327 

20 

05-07-75 


OK 

199 


12 

05-09-75 

15501 

12 

10-03-75 

16649 

FV 

200 


12 

10-31-76 


12 

11-04-75 

16882 

FV 

201 


04 

? 


04 

02-20-76 

2832 

OK 

202 


13 

07-07-76 

17997 

13 

04-24-76 

18029 

OK 

203 


16 

09-30-73 

5723 





204 

'li 

28 

07-13-74 

4400 

8028 

07-27-74 

4512 

FV 

205 


32 

08-01-74 

5040 

32 

03-18-75 

7075 

FV 

206 


14 

04-01-75 

14286 





207 


17 

07-05-73 

8678 





208 

30 




27 

11-20-74 

8671 

OK 

209 


13 

11-27-74 

14037 

13 

02-07-75 

14651 

OK 

210 





29 

11-08-75 

8993 

FV 

211 


13 

11-24-75 

17159 

13 

01-20-76 

17502 

FV 
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PITCH COMPUTER CContinued) 


LINE 

UNIT 

S/N 

ON 

AIRPLANE 

DATE 

TIME 

212 


10 

02-08-76 

3482 

213 

214 


12 

05-16-76 

117 

215 

216 

217 

218 

31 

20 

07-17-73 

7277 

219 

220 


13 

06-25-75 

15786 

221 


20 

12-19-75 

15345 

222 

32 

23 

09-18-73 

6009 

223 


35 

09-27-73 

1239 

224 

225 


13 

03-05-75 

148 

226 

227 

228 

229 

230 

231 

232 

33 

32 

12-26-73 

9365 

233 


20 

03-15-74 

3274 

234 

34 

23 

11-20-74 

10100 

235 

236 

237 


12 

04-26-76 

17913 

238 

239 

240 

35 

14 

01-31-74 

10715 

241 

36 

28 

01-05-75 

6159 


242 


OFF 


AIRPLANE 

DATE 

TIME 

STATUS 

23 

04-09-76 

14322 

OK 

14 

05-05-71 

1363 

FV 

10 

03-27-72 

5107 

FV 

17 

07-05-73 

8678 

FV 

20 

09-19-73 

7907 

FV 

23 

05-27-75 

11773 

FV 

13 

10-06-75 

16796 

FV 

23 

09-21-73 

6048 

FV 

35 

07-15-74 

? 

FV 

12 

02-12-75 

11463 

FV 

18 

06-21-71 

200 

FV 

03 

02-12-73 

8263 

OK 

19 

04-14-74 

9950 

OK 

16? 

05-17-74 

11762 

OK 

03 

07-04-75 

680 

FV 


1 

7 

FV 

32 

02-28-76 

9864 

OK 

23 

12-28-74 

10386 

FV 

LOAN JAL 



OK 

? 

12-16-75 

7 

7 

20 

06-16-75 

3690 

FV 

20 

06-14-76 

16643 

FV 

28 

07-03-75 

7452 

OK 

LOAN JAL 



FV 


188 


PITCH COMPUTER (Continued) 



NIT 

S/N 

ON 




OFF 



LINE 

AIRPLANE 

DATE 

TIME AIRPLANE 

DATE 

TIME 

STATUS 

243 


19 

08-31-75 

14406 

19 

08-31-75 

14406 

FV 

244 


32 

10-01-75 

8819 

32 

12-26-75 

9366 

OK 

245 





? 

01-30-76 

? 

7 

246 


13 

02-03-76 

17601 

13 

04-07-76 

17997 

OK 

247 


32 

04-15-76 

10259 

32 

04-29-76 

10383 

OK 

248 


32 

05-07-76 

10456 





249 

37 




20 

08-18-71 

236 

FV 

250 





12 

04-04-72 

5044 

OK 

251 





18 

11-07-73 

8814 

OK 

252 





?7 

01-21-74 

10682 

FV 

253 





LOAN ITEM 



FV 

254 


17 

05-06-74 

11594 

17 

07-20-75 

15451 

FV 

255 


19 

08-31-75 

14461 





256 


12 

10-21-73 

10515 





257 

38 

29 

08-26-74 

5058 

8029 

11-18-74 

5843 

OK 

25& 


10 

12-03-74 

14460 

10 

01-16-75 

296 

OK 

259 


13 

02-07-75 

14651 

13 

07-31-75 

16156 

FV 

260 





32 

10-16-75 

8934 

FV 

261 


27 

01-30-7C 

12266 

27 

02-22-76 

12485 

FV 

262 


03 

03- -76 

2628 

03 

03- -76 

2628 

FV 

263 


03 

08-02-73 

9970 





264 

39 

28 

05-09-74 

3813 

28 

07-13-74 

4400 

FV 

265 





13 

01-27-76 

17551 

FV 

266 


10 

02-13-76 

3528 





267 


35 

03-10-76 

9245 





268 


19 

11-29-71 

1480 





269 

40 

18 

05-10-74 

10444 

29 

08-26-74 

5058 

FV 

270 


18 

01-19-75 

12753 

18 

04-23-75 

13586 

OK 

271 


23 

04-30-75 

11773 

23 

10-04-75 

12966 

OK 

272 


16 

10-31-75 

16411 





273 

41 




11 

09-96-73 

non 

OK 


ORIGINAL PAGS iS 
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PITCH COMPUTER (Continued) 


OFF 


UNIT 


LINE 

S/N 

AIRPLANE 

DATE 

TIME 

AIRPLANE 

DATE 

TIME 

STATUS 

274 





29 

10-15-73 

2039 

FV 

275 


14 

12-03-73 

? 

14 

01-26-74 

10664 

OK 

276 





27 

11-08-74 

8655 

FV 

277 


27 

11-20-74 

8571 

27 

04-08-75 

9809 

FV 

278 


18 

06-10-75 

13964 

18 

07-01-74 

14188 

FV 

279 


03 

07-17-75 

727 

03 

10-30-75 

1754 

OK 

280 


10 

11-27-75 

3045 

10 

01-08-76 

3482 

FV 

281 


03 

03-06-76 

2628 





282 


11 

03-28-76 

17613 





283 

42 




17 

01-23-72 

3551 

FV 

284 





14 

07-11-73 

8803 

FV 

285 


03 

07-18-73 

9814 

03 

08-02-73 

9970 

OK 

286 


23 

09-21-73 

6048 





287 





12 

08-08-74 

13135 

FV 

288 





11 

04-29-75 

14825 

OK 

289 


32 

05-13-75 

7476 





290 





17 

06-26-76 

18228 

FV 

291 

43 

03 

07-09-74 

13041 

03 

08-22-74 

13182 

OK 

292 


19 

09-13-74 

11308 

19 

11-08-74 

11835 

OK 

293 


12 

08-14-72 

13191 





294 

44 




16 

10-16-73 

9882 

OK 

295 


11 

01-09-74 

11327 

03 

03-27-74 

12185 

OK 

296 


32 

07-09-74 

3991 

32 

08-01-74 

5040 

OK 

297 





12 

08-16-74 

13205 

FV 

298 


19 

10-31-74 

11748 

19 

05- -75 

13266 

OK 

299 


23 

05-27-75 






300 





10 

02-27-76 

3655 

FV 

301 

45 




23 

03-08-72 

222 

OK 

302 





19 

04-08-72 

2784 

FV 

303 





23 

06-02-72 

1070 

OK 

304 





14 

01-14-74 

10540 

FV 
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PITCH COMPUTER CContinued) 


OFF 


ON 


LINE 

UNIT 

S/N 

AIRPLANE 

DATE 

TIME 

AIRPLANE 

DATE 

TIME 

STATUS 

305 


14 

01-26-74 

10664 

14 

01-31-74 

10715 

FV 

306 





27 

11-08-74 

8555 

OK 

307 


17 

06-04-75 

15078 





308 

46 




10 

03-13-74 

12177 

FV 

309 


03 

03-27-74 

12185 

03 

04-06-74 

12265 

OK 

310 


28 

04-17-74 

3611 

28 

05-09-74 

3813 

OK 

311 





14 

04-01-75 

14286 

OK 

312 


32 

04-16-75 

7340 





313 


14 

12-16-75 

16407 

14 

05-29-76 

9 

FV 

314 


32 

06-29-75 

7931 





315 

47 




03 

02-21-73 

8345 

OK 

316 





10 

08-12-73 

10137 

FV 

317 





11 

07-09-74 

12486 

FV 

318 


04 

05-05-75 

? 





319 


17 

07-20-74 

12257 

17 

08-25-75 

14497 

OK 

320 






12-02-75 


FV 

321 





11 

05-16-76 

18093 

OK 

322 


27 

05-22-76 

13351 





323 

48 




32 

04-12-73 

205 

FV 

324 





11 

08-15-73 

9853 

FV 

325 


20 

10-11-73 

1986 





326 

49 




32 

04-27-73 

359 

OK 

3?.7 





18 

08-25-73 

8046 

FV 

328 


11 

09-09-73 

10148 

11 

07-05-74 

12899 

FV 

329 





12 

08-06-74 

13122 

FV 

330 


12 

08-16-74 

13205 

12 

01-CO-75 

14820^ 

OK 

331 


12 

02-12-75 

11463 

.12 

02-19-75 

14678 

OK 

332 





13 

06-25-75 

15786 

OK 

333 


18 

07-01-75 

14188 





334 

50 




27 

05-07-73 

3320 

FV 

335 





13 

01-21-74 

11317 

OK 


oeigmal ?agb b 

OF P r.)P QUALTix 
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PITCH COMPUTER (Continued) 




ON 




OFF 



LINE 

UNIT 

S/N 

AIRPLANE 

DATE 

TIME 

AIRPLANE 

^XE. 

II!^ 

STATUS 

336 


32 

11-04-74 

5899 





337 


14 

05-29-76 

? 





338 

51 




29 

06-09-73 

477 

OK 

339 





16 

09-30-73 

5723 

FV 

340 





29 

01-09-74 

2847 

FV 

341 


32 

01-17-74 

3245 

32 

02-27-74 

3607 

FV 

342 





32 

11-04-74 

5899 

FV 

343 





11 

02-28-76 

17476 

FV 

344 


32 

03-01-76 

9935 

32 

04-09-76 

10207 

FV 

345 

52 




35 

07-01-73 

314 

FV 

346 





14 

01-14-74 

10540 

OK 

347 


20 

02-17-74 1 

9406 

20 

10-17-74 

11541 

OK 

348 





32 

04-14-75 

7325 

FV 

349 





14 

05-02-75 

11523 

OK 

350 


23 

05-27-75 

11773 

23 

05-17-76 

14737 

OK 

351 


32 

06-11-76 

10769 





352 

53 




13 

10-02-73 

01292 

FV 

353 





13 

08-14-74 

13106 

FV 

354 





20 

08-21-75 

14322 

OK 

355 


19 

08-31-75 

14406 





356 

54 




23 

09-18-73 

6009 

OK 

357 





35 

01-18-76 

8746 

FV 

358 


35 

01-31-76 

8857 

35 

02-18-76 

8987 

FV 

359 


32 

02-28-76 

9864 

32 

04-08-76 

10191 

OK 

360 


20 

04-12-76 

16190 





361 





10 

06-07-76 

14860 

OK 

362 

55 




35 

04-27-73 

1239 

FV 

363 





32 

04-09-74 

3991 

FV 

364 





18 

05-27-74 

11787 

FV 

365 





18 

01-19-75 

12753 

FV 

366 


20 

02-28-75 

12747 

20 


13327 

OK 


192 



PITCH COMPUTER (Continued) 


ON 


383 

384 

385 

386 

387 

388 

389 

390 

391 

392 

393 

394 

395 

396 

397 


58 


59 


LINE 

S/N 

AIRPLANE 

DATE 

TIME 

367 


12 

05-12-75 

15404 

368 


11 

06-08-75 

15601 

369 


27 

08-04-75 

10844 

370 


11 

03-27-76 

HMV 

371 


32 

04-09-76 

10207 

372 


10 

05-02-76 

4219 

373 


20 

06-26-76 

16735 

374 

56 

19 

04-14-74 

9950 

375 

376 


17 

07-20-75 

15451 

377 

378 

57 

10 

12-03-74 

14460 

379 


32 

04-14-75 

7332 

380 


32 

05-18-75 

7521 

381 


12 

10-03-75 

16649 

382 


12 

11-04-75 

16882 


OFF 

DATE 


TIME 


STATUS 


11 

07-16-75 

15851 

FV 

11 

03-28-76 

17613 

OK 

32 

04-15-76 

10259 

FV 

10 

06-15-76 

4591 

OK 


03 

07-13-75 

727 

FV 

29 

01-11-73 

1986 

FV 

10 

12-03-74 

14460 

FV 

32 

04-16-75 

7340 

FV 

32 

09-07-75 

8613 

OK 

12 

10-31-75 

16875 

FV 

12 

04-17-76 

18072 

OK 

20 

11-19-73 

8592 

FV 

10 

12-03-74 

14460 

FV 


35 

12-22-74 

5436 





13 

07-31-75 

16156 

35 

11-31-76 

8857 

FV 

20 

02-06-76 

15529 

20 

04-12-76 

16190 

FV 

23 

05-17-76 

14237 





26 

06-15-76 

HMV 

20 

06-26-76 

16735 

FV 




27 

12-29-73 

5667 

FV 




FROM 

STOCK (SAME PROBLEM) 





13 

09-22-74 

13565 

OK 



OAL 

LOAN 



FV 

12 

12-28-74 

10386 

23 

12-29-74 

10391 

OK 

12 

02-19-75 

14684 

12 

10-31-75 


FV 




04 

12-04-75 

2418 

FV 


193 


PITCH COMPUTER CCONTINUED) 


ON 


LINE 

UNIT 

S/N 

AIRPLANE 

DATE 

TIME AIRPLANE 

DATE 

TIME 

STATUS 


398 


23 

01-26-76 

13029 





A 

399 





10 

02-27-76 

3655 

OK 


400 


11 

03-27-76 

17613 






401 

60 




32 

01-17-74 

3245 

OK 

9 

402 


18 

05-27-74 

11787 

18 

06-03-74 

11843 

OK 

- 

403 





16 

04-02-75 

14576 

OK 


404 





32 

04-26-75 

7358 

OK 


405 

61 




20 

03-15-74 

3274 

OK 


406 





7 

05-10-74 

? 

FV 


407 





18 

01-21-75 

12770 

FV 


408 


28 

03-19-75 

6505 






409 


03 

06-26-75 

6271 






410 





28 

8-18-75 

7915 

FV 


411 


13 

10-06-75 

16796 






412 


12 

05-01-76 

— 






413 

62 




28 

04-17-74 

3611 

OK 


414 





11 

06-08-75 

15601 

FV 


415 





04 

03-13-76 

2981 

FV 


416 

63 




27 

09-01-74 

7950 

FV 


417 





20 

02-28-75 

12747 

FV 


418 


17 

03-25-75 

14497 

17 

03-30-75 

14548 

FV 


419 


32 

04-15-75 

7332 






420 


20 

05-07-75 

? 





* 

421 


04 

07-02-75 

1667 






422 





20 

02-06-76 

15629 

OK 


423 


35 

02-17-76 

8987 

35 

03-13-76 

9229 

FV 

t 

424 


23 

04-29-76 

14322 






425 

64 

33 

12-19-74 

4439 






426 





35 

02-01-76 


OK 


427 


35 

03-01-76 

09112 






428 

65 




35 

12-22-74 

5436 

OK 



194 



PITCH COMPUTER CContinued) 


ON 


OFF 


LINE 

UNIT 

S/N 

AIRPLANE 

DATE 

429 


27 

04-08-74 

430 

66 



431 


18 

01-21-75 

432 

67 



433 




434 


12 

04-09-76 

435 




436 


13 

07-18-75 

437 


28 

08-14-75 

438 




439 


10 

03-05-76 

440 




441 

68 



442 


29 

04-08-75 

443 


16 

04-02-75 


TIME 

AIRPLANE 

DATE 

TIME 

9809 


NA LOAN 



12770 


18 

01-06-75 

12624 


12 

02-21-75 

14688 

15517 

12 

05-12-75 

15404 


32 

06-29-75 

7931 

14670 

7938 

28 

10-02-75 

8292 


12 

ll-G*.-75 

16883 

3719 

10 

04-03-76 

3975 


12 

05-16-76 

117 


28 

03-19-75 

6505 

8993 

14576 

16 

08-05-75 

15236 


STATUS 


FV 

FV 

OK 

OK 

FV 

FV 

FV 

FV 

FV 

FV 

OK 




195 


ON 


ROLL COMPUTER 


OFF 


UNIT 


LINE 

S/N 

AIRPLANE DATE 

TIME 

1 

2 

3 

1 




4 

5 

6 


8004 

08-17-72 

6446 

7 


8012 

07-06-74 

12828 

8 


8004 

01-09-76 

2578 

9 

10 

11 

12 

2 

8035 

03-04-76 

9135 

13 


8027 

02-26-74 

6230 

14 


8032 

12-06-75 

9307 

15 

16 

3 

8010 

12-03-74 

14459 

17 


8029 

03-07-75 

6783 

18 


8003 

04-18-75 

4 

19 

20 
21 
22 
23 

4 

8019 

05-04-75 

13286 

24 


8016 

01-11-71 

261 

25 

26 


8011 

06-04-71 

2261 

27 

28 

5 

8029 

10-11-73 

1986 

29 


8013 

02-25-75 

14775 

30 

31 

32 

33 

34 

35 

36 

6 

8029 

10-05-75 

8688 

37 

38 

39 

40 

7 

8017 

02-19-75 

14179 


AIRPLANE 

DATE 

TIME 

STATUS 

8010 

11-17-70 

838 

FV 

8011 

10-22-71 

3498 

FV 

8013 

07-27-72 

6163 

FV 

8004 

04-12-73 

8862 

F 

8020 

06-05-73 

6812 

OK 

8012 

06-10-74 

12504 

OK 

8012 

09-26-75 

16618 

F 

8004 

02-20-76 

2832 

OK 

8003 

05-05-72 

5297 

FV 

8003 

11-11-72 

7261 

FV 

8003 

10-22-73 

10803 

FV 

8027 

11-08-75 

11710 

FV 


8019 

02-13-75 

12640 

OK 

8029 

03-23-75 

6428 

OK 

8003 

04-22-75 

17581 

OK 

8019 

05-06-75 

13287 

OK 

8012 

05-21-75 


F 

8020 

07-23-75 

1404 

FV 

8003 

11-01-70 

897 

FV 

8014 

12-16-70 

150 

FV 

8016 

05-04-71 

1207 

FV 

8011 

07-15-71 

2637 

OK 

8011 

06-15-75 

15674 

FV 

8013 

02-07-75 

14651 

OK 

8013 

10-02-75 

16756 

OK 

8012 

08-14-71 

2913 

F 

8012 

09-02-71 

3089 

OK 

8016 

02-01-72 

3120 

FV 

8020 

06-30-72 

3354 

FV 

8010 

08-01-72 

6292 

OK 

8013 

01-31-75 

14675 

FV 

8017 

08-22-75 

15849 

FV 

8019 

06-04-72 

3337 

F 

8012 

06-27-72 

5848 

FV 

8013 

08-08-72 

6287 

F 


196 


ROLL COMPUTER 


ON 


OFF 


LINE 

UNIT 

S/N 

AIRPLANE 

DATE 

TIME 

41 

42 


8035 

11-74-74 

4451 

43 

44 

45 

8 

8019 

02-29-72 

2369 

46 

47 


8013 

08-08-72 

6287 

48 


8017 

08-22-72 

5648 

49 


8010 

05-30-72 

5553 

50 


8020 

06-30-72 

3354 

51 

52 


8013 

07-27-72 

6163 

53 


8011 

09-20-73 

10258 

54 

55 

9 

8011 

04-27-73 

8735 

56 

10 

8011 

12-25-72 

7412 

57 

58 

59 

60 


8019 

03-04-74 

9584 

61 

62 

63 


8017 

07-21-74 

12265 

64 

65 

66 


8018 

02-15-76 

16146 

67 


8011 

03-14-76 

17603 

68 

69 

70 

71 

72 

11 

8004 

8012 

03-16-71 

06-24-76 

5840 

73 

74 

75 


8032 

07-14-73 

1221 

76 


8016 

04-27-75 

14825 

77 

78 


8013 

04-01-76 

17948 

79 

12 

8018 

05-17-74 

10487 

80 






airplane 

DATE 

TIME 

STATUS 

8019 

10-19-73 

8334 

FV 

8035 

06-16-75 

7010 

OK 

8003 

10-20-70 


FV 

8013 

07-27-71 

2557 

FV 

8010 

05-22-72 

5473 

F 


8010 

06-19-72 

5813 

OK 

8020 

06-30-72 

3354 

F 




F 

8013 

08-07-72 

6279 

OK 

8027 

03-09-73 

2483 

FV 

8011 

09-09-72 

10148 

OK 

8020 

10-04-73 

8048 

F 

8029 



FV 

8010 

02-20-74 


FV 

8027 

02-27-76 

6230 

OK 

8014 

06-09-74 

10417 

F & FV 

8017 

02-19-75 

14179 

F 

8019 

09-01-75 

14413 

OK 

8032 

12-06-75 

9337 

F 

8018 

02-21-76 

16195 

FV 

Loan 

02-08-71 


OK 

8004 

11-21-71 

4031 

FV 

8014 

12-19-71 

3302 

FV 

8011 

06-19-72 

5442 

F 

8012 

08-17-72 

6371 

FV 

8010 

09-30-72 

6844 

FV 

8017 

07-05-73 

8678 

F 


8018 

02-15-76 

16146 

FV 

8011 

12-13-74 

14157 

OK 


ORIGINAL PAGE IS 
OP POOR QUALITY 


197 


ROLL COMPUTER 


ON 


UNIT 


LINE 

S/N 

AIRPLANE 

DATE 

TIME 

81 


8013 

01-31-75 

14075 

82 





83 


8012 

05-12-75 


84 


8004 

08-12-75 

1463 

85 


8017 

08-22-75 

15849 

86 


8013 

10-02-75 

16756 

87 


8027 

11-05-75 

11678 

88 


8012 

01-20-76 

17283 

89 





90 


8004 

02-28-76 

2890 

91 


8016 

04-28-76 

17649 

92 

13 

8010 

11-17-70 

838 

93 


8003 

09-11-71 

3445 

94 


8019 

12-26-72 

5522 

95 


8019 

04-16-73 

6400 

96 





97 





98 


8029 

03-25-75 

6943 

99 

14 

8029 

08-28-74 

5026 

100 


8014 

11-11-74 

13208 

101 


8010 

11-30-74 

13643 

102 





103 


8016 

10-08-75 

16272 

104 


8003 

12-16-75 


105 


8018 

02-13-76 

16129 

106 

15 

8012 

08-31-71 

3077 

107 





108 





109 





no 


8010 

03-13-74 

12177 

111 





112 





113 


8010 

06-28-75 

1728 

114 





115 


801S 

02-21-76 

16195 

116 

16 

8003 

12-23-70 

1260 

117 


8004 

04-19-71 


118 


8017 

07-16-71 

1903 

119 


8014 

12-19-71 

3302 

120 


8010 

08-01-72 

6292 

121 


8010 

09-30-72 

6844 

122 





133 


8012 

07-09-73 

9420 

134 


8029 

08-22-73 

1370 

135 







OFF 



AIRPLANE 

DATE 

TIME 

STATUS 

8013 

02-02-75 

14590 

OK 

8019 

05-04-75 

13266 


8012 

07-26-75 

16057 

OK 

8004 

08-20-75 

1536 

FV 

8017 

09-07-75 

15947 

OK 

8013 

10-27-75 

16936 

OK 

8027 


11734 

OK 

8012 

01-26-76 

17341 

OK 


02-26-76 


FV 

8004 

03-16-76 

3010 

FV 


8010 

11-15-74 


OK 

8010 

11-30-74 

2 

FV 

8014 

11-20-74 

13768 

F 

8010 

12-03-74 

14459 

OK 

8017 

09-18-75 


FV 

8016 

10-23-75 

16374 

FV 

8003 

01-02-76 


FV 

8011 

11-01-72 

6584 

FV 

8004 

01-02-73 

7847 

F 

8027 

02-26-74 

6730 

OK 

8029 

10-25-74 

5611 

OK 

8010 

06-07-75 

1512 

F 

8010 

07-22-75 

1959 

OK 

8003 

12-16-75 


FV 

8018 

05-15-76 

16939 

OK 


8010 

03-29-73 

8741 

OK 

8004 

06-13-73 

9461 

OK 

8029 

10-06-73 

’918 

F 

8028 

03-01-74 

3150 

OK 


198 



ON 


OFF roll computer 


UNIT 
LINE S/N 


136 

137 

138 

139 

140 

141 17 

142 

143 

144 

145 

146 

147 

148 18 

149 

150 

151 

152 

153 

154 

155 

156 

157 

158 

159 

160 

161 19 

162 

163 

164 

165 20 

166 

167 

168 

169 

170 

171 

172 21 

173 

174 

175 

176 

177 

178 

179 

180 22 
181 


AIRPLANE 

8003 


8003 

8020 

4 

16 

20 

29 

18 


16 


3 

10 

18 

19 

16 

35 


18 


11 


35 

10 

4 


DATE TIME 


04-05-74 12265 


03-06-76 2628 

06-15-76 HMV 

02-19-71 1084 

05- 04-71 1270 

06- 05-73 6812 

08-09-75 
10-25-75 15311 


04-27-73 8024 


04- 22-75 17518 

07- 22-75 1659 

05- 15-76 16939 

06- 04-72 3337 

08- 01-73 9045 

07- 13-74 3928 


05-10-72 3228 


01-11-76 17099 


03-30-76 94013 

06- 19-75 1634 

07- 07-75 ino 


airplane 

DATE 

TIME 

STATUS 

8003 

08-04-74 

13296 

OK 

8012 

01-20-76 

17283 

FV 

Bad from stock 


F 

8003 

05-26-76 

3228 

FV 

3 

12-23-70 

1260 

FV 

4 

03-16-71 

1864 

OK 

16 

03-10-72 

4014 

FV 

16 

04-29-75 

14825 

FV 

29 

10-05-75 

8688 

FV 

16 

01-11-71 

261 

OK 

11 

06-04-71 

2261 

OK V* 

4 

07-06-72 

6005 

FV 

18 

11-18-72 

6381 

OK 

3 

02-08-73 

8209 

FV 

14 

04-01-73 

7703 

OK 

19 

04-16-73 

6400 

OK 

16 

05-21-73 

8217 

OK 

20 

11-13-73 

8479 

FV 

32 

07-29-74 

5007 

F 

3 

07-04-75 

680 

FV 

10 

05-03-76 

4776 

F 

12 

07-09-73 

9420 

OK 

16 

06-15-74 

11971 

OK 

4 

02-19-71 

1084 

FV 

3 

09-11-71 

3445 

FV 

17 

04-05-72 

4231 

FV 

3 

06-02-72 

5584 

F 

10 

01-18-75 

508 

F 

11 

03-14-76 

17603 

FV 

16 

04-04-71 

1024 

FV 

2 

10-17-71 

3652 

FV 

4 

08-17-72 

1446 

FV 

19 

12-26-72 

5522 

FV 

7 

01-12-73 


OK 

3 

04-05-74 

12265 

FV 

23 

01-20-76 

13029 

FV 

4 

08-02-75 

0 

FV 




199 


ROLL COMPUTER 


ON 


UNIT 


uri_E. 

S/N 

AIRPLANE 

DATE 

TIME 

182 


4 

08-20-75 

1536 

183 


16 

08-06-75 

1574 

184 

185 

23 

12 

07-24-71 

2764 

186 

187 


17 

04-05-72 

4231 

188 

189 

190 


10 

01-18-75 

508 

191 


4 

03-16-76 

3010 

192 

193 

24 

18 

11-18-72 

6381 

194 

195 

196 


3 

07-13-75 

727 

197 


19 

09-01-75 

14413 

198 

199 


20 

06-08-76 

16733 

200 

201 

25 

12 

08-14-71 

2913 

202 

203 

204 


10 

06-19-72 

5813 

205 

206 
207 

26 

12 

09-04-71 

3108 

207 

208 


3 

02-08-73 

8209 

209 

210 


17 

07-05-73 

8678 

211 


17 

09-07-75 

15947 

212 


16 

04-29-76 

17571 

213 

27 

20 

04-29-74 

10037 

214 


11 

05-07-75 

15357 

215 


18 

07-07-75 

15411 

216 

217 

218 

219 

220 
221 


17 

4 

35 

09-18-75 

11-11-75 

01-12-76 

4787 

222 


20 

06-16-76 

16643 

223 

28 

12 

09-02-71 

3039 

224 


10 

07-11-72 

6061 

225 


13 

11-24-73 

10741 



OFF 



AIRPLANE 

DATE 

TIME 

STATUS 

16 

08-09-75 

15774 

FV 

16 

05-05-71 

291 

F 

12 

08-13-71 

2907 

F 

18 

03-07-72 

2517 

FV 

17 

08-22-72 

5648 

FV 

18 

05-08-74 

10434 

OK 

14 

11-11-74 

13208 

FV 

10 

06-19-75 

1634 

F 

17 

11-06-72 

6435 

FV 

18 

08-25-73 

8046 

F 

27 

02-26-74 

6221 

OK 

3 

07-04-75 

680 

OK 

3 

08-25-75 

1107 

FV 

19 

04-16-76 

16086 

F 


06-01-76 


OK 

4 

04-19-71 

2151 

FV 

12 

08-31-71 

3077 

FV 

19 

02-29-72 

2369 

FV 

10 

05-30-72 

5553 

OK 

10 

07-11-72 

6061 

OK 

11 

04-27-73 

8735 

FV 

10 

03-13-74 

12177 

F 


01-05-73 

2 

F 


C5-17-73 


F 

17 

08-04-75 

15597 

FV 

17 

03-20-76 

17384 

FV 

20. 

05.01-75 


FV 

11 

06-16-75 

15679 

OK 

16 

08-06-75 

1574 

FV 

16 

09-11-75 

15984 

OK 

16 

11-07-75 

16482 

FV 

4 

01-09-76 

2578 

OK 

35 

03-16-76 

9159 

F 

20 

06-28-76 

16733 

FV 

10 

10-11-73 

10794 

FV 

13 

04-02-74 

11916 

OK 


200 



ROLL COMPUTER 


ON 


OFF 


UNIT 
LINE S/N 


226 

227 

228 

229 

230 

231 

232 

233 

234 

235 

236 29 

237 

238 

239 

240 

241 

242 

243 30 

244 

245 

246 

247 

248 

249 

250 

251 

252 31 

253 

254 

255 

256 

257 

258 

259 32 

260 
261 
262 

263 

264 

265 

266 

267 

268 

269 33 

270 


AIRPLANE 

DATE 

TIME 

AIRPIANE 

10 

03-07-75 

757 

14 

16 

08-09-75 

15774 

28 

08-14-75 

8094 

10 

23 

01-20-76 

13029 

12 

10 

05-03-76 

4776 

10 

3 

05-26-76 

3228 


10 

03-29-73 

8741 

10 

11 

20 

10-04-73 

8048 

20 

29 

08-31-74 

5104 

29 

14 

11-12-74 

13768 

14 

12 

01-26-76 

17341 

12 

17 

16 

02-01-72 

3120 

16 

20 

16 

05-21-73 

8217 

16 

3 

07-04-75 

680 

3 

28 

07-14-75. 

7642 

28 

35 

16 

10-23-75 

16374 

16 

17 

05-01-76 

17759 

12 

12 

12 

18 

11 

18 

05-14-75 

13755 

18 

12 

04-18-76 

18081 

14 

14 

08-14-71 

2274 

17 

09-13-71 

2429 

17 

12 

11 

06-19-72 

5442 

11 

12 

08-17-72 

6371 

16 

10 

08-19-73 

10774 

10 

16 

. 06-15-74 

11971 

12 

10 

05-04-76 

4247 

17 

13 


DATE TIME STATU E 


04-28-75 14499 OK 


01-11-76 3263 F 

04- 20-76 18000 OK 

05- 04-76 4247 FV 


04-17-73 OK 

08- 19-73 10774 F 

09- 20-73 10258 OK 

08-27W4 11062 F 

11-11-74 5786 OK 

01-12-76 16649 OK 

04-08-76 17987 FV 

07-16-71 1903 F 

04- 27-73 8074 F 

05- 12-73 6649 FV 

05-01-75 14841 FV 

07- 13-75 727 FV 

08 - 14-75 8094 OK 

10- 13-75 8027 FV 

04-28-76 17649 FV 


07-24-71 

2764 

F 

09-04-71 

3108 

F 

06-05-73 

9075 

FV 

05-10-74 

10444 

F 

05-07-75 

15357 

FV 

02-13-76 

16129 

FV 

08-14-71 

2274 

OK 

03-13-72 

3994 

OK 

06-04-72 

5601 

F 

12-25-72 

7412 

OK 

08-01-73 

9045 

F 

03-13-74 

12177 

F 

04-20-76 

18000 

OK 

09-13-71 

2429 

FV 

11-19-71 

3508 

OK 


/^■DTriTvr fc ^ 


J ^ 1—1 


201 


ROLL COMPUTER 


0 


OFF 


UNIT 


L_I?{E 

S/N 

AIRPLANE 

DATE 

TIME 

AIRPLANE 

DATE 

TIME 

STATUS 

271 


20 

12-28-71 

1505 





272 


11 

12-13-74 

14157 

11 

06-26-75 

18684 

FV 

273 

34 

10 

03-13-74 

12177 





274 





29 

03-07-75 

6783 

OK 

275 


29 

03-23-75 

6428 

29 

03-25-75 

6943 

FV 

276 





20 

06-15-76 

HMV 

OK 

277 

35 

14 

04-01-73 

7703 





278 





STOCK 

08-08-74 


F 

279 


29 

08-27-74 

5067 

29 

08-31-74 

5104 

OK 

280 





10 

11-15-74 


FV 

281 





10 

03-07-75 

757 

F 

282 


16 

05-01-75 

14841 

16 

07-07-75 

15411 

FV 

283 





3 

01-02-76 

0 

OK 

284 


14 

01-12-76 

16649 

14 

03-10-76 

17240 

FV 

285 


19 

04-16-76 

16086 





286 

36 




20 

12-28-71 

1505 

OK 

287 





12 

04-04-72 

5053 

F 

288 


10 

05-22-72 

5473 

10 

05-25-72 

5510 


289 





14 

08-26-72 

5761 

OK 

290 





13 

02-14-74 

11536 

FV 

291 


13 

04-02-74 

11916 

13 

08-15-74 

13115 

OK 

292 





19 

05-03-75 

13266 

FV 

293 


11 

06-15-75 

15674 

11 

07-31-75 

15968 

FV 

294 


14 

09-17-75 

15768 

14 

11-29-75 

16407 

FV 

295 

37 




14 

02-03-72 

2100 

FV 

296 


14 

05-08-74 

10434 





297 

38 

14 

09-16-74 

12740 

14 

09-17-74 

12746 

FV 

298 


29 

10-25-74 

5611 

29 

05-09-75 

7378 

F 

299 


29 

06-16-75 

7702 

29 

07-14-75 

7926 

FV 

300 





Return from 

07-28-75 


OK 






Quantus 




301 


4 

08 -02-75 


4 

08-12-75 

1463 

FV 

302 





16 

10-08-75 

16272 

FV 

303 


13 

11-07-75 

17056 

13 

04-01-76 

17948 

FV 

304 


12 

04-08-76 

17987 





305 





23 

05-05-76 

14563 

F 

306 

39 

3 

10-22-73 

10803 





307 





29 

08-28-74 

5026 

OK 

308 





19 

11-05-74 

11806 

FV 

309 





. 29 

06-10-75 

7702 

OK 

310 


28 

07-01-75 

7433 





311 

40 




18 

03-24-72 

2158 

OK 

312 





19 

09-20-73 

8019 

FV 

313 






10-09-73 


FV 

314 





3 

04-18-75 

4 

4K 


202 


ROLL COMPUTER 


ON 


OFF 


41 


42 


UNIT 
LINE S/N 

315 

316 

317 

318 

319 

320 

321 

322 

323 

324 

325 

326 

327 

328 

329 

330 

331 

332 

333 

334 

335 

336 

337 

338 

339 

340 

341 

342 

343 

344 

345 

346 

347 

348 

349 

350 

351 

352 

353 

354 

355 

356 

357 

358 

359 


43 


45 


46 


AIRPLANE 

DATE 

HL^i t 

12 

05-06-75 

13287 

20 

02-06-76 

15629 

29 

06-01-74 

4180 

3 

08-04-74 

13296 

12 

07-26-75 

16057 

23 

05-05-76 

14560 

4 

12-13-72 

7684 

28 

01-12-75 

5987 

16 

04-07-75 

16482 

26 

07-23-75 

1404 

14 

12-05-75 

16455 

4 

07-06-72 

6005 

10 

01-11-76 

3263 

13 

08-07-72 

6279 

13 

02-07-75 

14651 

12 

08-17-72 

6371 

11 

06-26-75 

15684 

32 

09-07-75 

8613 

13 

10-27-75 

1 16936 


AIRPLANE 


DATE 


T 1 M r. S I A i i 


19 

07-10-75 

13853 

FV 


07-28-75 


FV 

11 

01-11-76 

17099 

FV 

18 

05-10-72 

3228 

FV 

12 

06-24-72 

5840 

F 

17 

10-25-73 

9852 

FV 

18 

05-17-74 

10487 

FV 

29 

07-28-74 

4770 

FV 

12 

09-26-75 


F 


28 

07-01-75 

7443 

4 

07-05-75 

1086 

20 

10-20-75 

14872 

OCK 

11-03-75 


16 

11-10-75 

16584 


06-21-72 


4 

12-13-72 

7684 

4 

11-11-75 


13 

06-10-72 


13 

11-24-73 

10741 

11 

07-05-74 

12899 

12 

08-16-74 

13209 

29 

09-19-74 

5295 

18 

02-02-75 

12888 

13 

02-25-75 

14775 

19 

04-11-76 

16044 

27 

07-30-72 

397 

12 

06-27-73 

9281 

12 

05-20-75 

15478 

11 

06-08-75 

15601 

11 

08-09-75 

16036 

32 

05-18-76 

10559 

19 

08-25-72 

4275 

10 

10-03-72 

6879 

12 

01-19-73 

7677 

14 

09-08-75 

15689 


OK 

OK 

OK 

OK 

FV 

F 

FV 

OK 

F 

FV 

FV 

OK 

OK 

OK 

OK 

FV 

OK 

OK 

FV 

FV 

F 

OK 

FV 

FV 

OK 

FV 


original page is 

OP POOR QUALITY 



ROLL COMPUTER 


ON OFF 


UNIT 


LJN_E 

S/N 

AIRPLAhE 

DATE 

TIME 

360 

47 

4 

02-24-75 

2:3: 

361 


28 

07-13-75 

7565 

362 


11 

07-31-75 

15968 

363 

48 

4 

04-12-73 

8862 

364 


12 

06-05-73 

9074 

365 

366 


29 

10-06-73 

1918 

367 

368 

369 

370 


14 

11-29-75 

1 

16407 

371 

372 

373 

374 

49 

16 

04-10-75 

16584 

375 

376 

377 

50 

4 

06-13-73 

9461 

378 


4 

03-14-75 

118 

379 


32 

02-28-76 

9864 

380 

381* 

51 

35 

10-13-75 

8028 

382 


12 

01-26-76 

17493 

383 

52 

19 

10-19-73 

8334 

384 


32 

07-29-74 

5007 

385 

386 


20 

08-27-74 

11062 

387 


14 

04-28-75 

14499 

388 

389 


4 

02-20-76 

2832 

390 

391 

392 

393 

394 

53 

3 

07-04-75 

680 

395 


20 

10-20-75 

14872 

396 

397 

54 

10 

10-11-73 

10794 

398 

399 

400 

401 


10 

06-07-75 

■1512 

402 


35 

06-16-75 

7010 

403 

404 


3 

08-25-75 

1107 


AIRPLANE 

DATE 

IliiE 

STATUS 

28 

07-19-75 

7642 

OK 


29 

08-22-73 

1370 

FV 

29 

10-11-73 

1986 

FV 

from JAL 

11-29-73 


OK 

20 

04-29-74 

10037 

FV 

18 

10-25-75 

15311 

OK 


06-02-76 


OK 

27 

02-02-73 

2400 

FV 

32 

12-08-73 

2854 

OK 

13 

11-07-75 

17056 

OK 

16 

•04-29-76 

17571 

FV 

4 

02-24-75 

2:33 

FV 

4 

02-20-76 

2832 

OK 

35 

05-31-73 

0 

FV 

35 

01-12-76 

8787 

OK 

12 

04-18-76 

18081 

FV 

19 

03-04-74 

9584 

FV 

32 

08-01-74 

5040 

FV 

STOCK 

08-12-74 


FV 


20 

02-06-76 

15629 

FV 

32 

07-14-73 

1221 

F 

4 

03-14-75 

118— 

F 

STOCK 

05-02-75 


FV 

10 

06-28-75 

1728 

OK 

3 

09-28-75 


FV 

28 

09-03-73 

1398 

OK 


08-20-74 


OK 

14 

09-16-74 

12740 

OK 

19 

12-24-74 

12182 

OK 

10 

06-09-75 

1541 

FV 

35 

06-21-75 

7021 

OK 

4 

07-07-75 

1110 

F 

3 

08-25-75 

1113 

F 


204 



ROLL COMPUTER 


ON OFF 



UNIT 








1J_NE 

3/N 

AIRPLANE 

DATE 

TIME 

AIRPLANE 

DATE 

TIME 

STATU^‘ 

405 


12 

09-26-75 






406 

55 




35 

01-04-74 

2273 

FV 

407 





10 

11-14-74 

14451 

OK 

408 


10 

11-30-74 

2 

10 

11-30-74 

3 

OK 

409 


20 

12-12-74 

11910 

20 

06-09-75 

13643 

OK 

410 


29 

07-14-75 

7926 





411 





20 

06-16-76 

16643 

FV 

412 

56 




29 

06-01-74 

4180 

FV 

413 


12 

06-10-74 

12504 

12 

07-06-74 

12828 

OK 

414 


32 

08-01-74 

5040 

32 

09-11-74 

5410 

FV 

415 


14 

09-17-74 

12746 

14 

09-17-75 

15768 

OK 

416 


3 

09-28-75 






417 

57 




35 

07-13-74 

3928 

OK 

418 





17 

07-21-74 

12265 

F 

419 


32 

09-11-74 

5410 

32 

02-28-76 

9864 

OK 

420 


35 

03-07-76 

9159 

35 

03-30-76 

9401 

F 

421 





12 

09-17-76 

18072 

F 






Back from 

stock 



422 

58 




29 

08-27-74 

5067 

FV 

423 





20 

12-12-74 

11910 

FV 

424 


19 

12-24-74 

12182 

19 

01-09-75 

12347 

OK 

425 


18 

02-02-75 

12888 

18 

05-14-74 

13775 

FV 

426 


11 

06-11-75 

15679 

11 

07-10-75 

15850 

FV 

427 





29 

08-06-75 


OK 

428 


12 

09-26-75 


12 

01-26-76 

17493 

FV 

429 


35 

02-26-76 

8071 

35 

03-04-76 

9135 

FV 

430 

59 




28 

01-12-75 

5987 

OK 

431 





28 

07-13-75 

7565 

OK 

432 

60 




35 

02-26-76 

8071 

FV 

433 


19 

04-11-76 

16044 





434 

61 

29 

05-09-75 

7378 

29 

08-09-75 


FV 

435 





14 

11-29-76 

16407 

OK 

436 


4 

02-20-76 

28320 

4 

02-28-76 

28904 

OK 

437 

62 




32 

09-07-75 

8613 

FV 

438 


27 

11-08-75 

11710 





439 

63 




27 

11-05-75 

11678 

OK 

440 


14 

11-29-75 

16407 

14 

12-05-75 

16455 

F 

441 


3 

01-02-76 


3 

03-06-76 

2628 

FV 

442 





17 

05-01-76 

17759 

FV 


ORIGINAL 
OF POOR QUALITY 


205 


YAW COMPUTER 


OFF 


ON 

UNIT 


LINE 

S/N 

AIRPLANE 

DATE 

TIME 

AIRPLANE 

DATE 

TIME 

4L 

STATUS 

1 

1 

10 

06-24-71 

2687 

10 

07-01-71 

2759 

72 

FV 

2 





LOAN 

08-18-71 

? 

7 

OK 

3 






10-08-71 

? 

7 

OK 

4 





DROPPED 

10-08-71 

? 

6? 

OK 

5 


13 

10-22-71 

3332 

13 

10-25-71 

3356 

20 

OK 

6 





11 

11-15-73 

10775 

7 

FV 

7 


11 

07-27-74 

13054 

11 

07-30-74 

13056 

4 

OK 

8 





LOAN 

09-24-75 



OK 

9 


27 

02-22-76 

12406 






10 

2 

11 

11-20-70 

567 

11 

08-05-71 

2853 


FV* 

11 


4 

10-18-71 

3761 






12 

3 




4 

08-24-71 

3400 


FV* 

13 




13001 

12 

07-10-74 



FV 

14 





LOAN 

11-02-74 



OK 

15 





17 

07-07-75 

15335 


FV 

16 


11 

07-05-75 

15314 

11 

•? 




17 




16058 

11 

08-11-75 

15974 


OK 

18 


13 

12-05-75 

17233 

13 

7 

7 

7 

7 

19 

4 



389 

13 

12-27-70 

460 

h 

OK 

20 


10 

06-29-71* 

2675 

10 

06-24-71 

2687 

12 

FV 

21 


4 

08-24-71 

3400 

4 

10-13-71* 

3724 

324 

FV 

22 




3731 

11 

11-29-71 

7 


FV 

23 


18 

01-09-72 

2077 

18 

04-16-72 

2^1 


FV 

24 


4 

06-18-72 

5794 

4 

07-03-72 

5983 


OK 

25 





17 

07-29-72 

3441 


FV 

26 


18 

10-07-72 

4964 

18 

10-11-72 

5012 


FV 

27 


27 

11-02-72 

1413 

27 

04-08-76 

12912 


FV** 

28 





27 

06-22-76 

13676 


FV 

29 

5 

14 

12-31-70 

284 

14 

11028072 

6530 

6246 

FV* 

30 





LOAN 

04-30-73 



OK 

31 


17 

07-06-73 

8082 

17 

10-24-73 

9845 

763 

FV** 

32 


32 

12-21-73 

2828 

32 

07-05-74 

4766 

1938 

OK 

33 


10 

01-30-75 

419 

10 

06-21-75 

1700 


FV 

34 


10 

07-08-75 

? 






35 


13 

11-17-75 

17il2 

13 

12-5-75 

17233 

121 

FV* 

36 


27 

01-25-76 

12224 

27 

02-22-76 

12406 

182 

OK 

37 


27 

04-08-76 

12912 

27 

04-27-76 

13119 

1107 

OK 

38 

6 

16 

06-04-71 

1587 

16 

06-27-71 

1748 

161 

OK 

39 


10 

11-27-71 

3983 

10 

01-16-72 

4387 

404 

OK 

40 





12 

02-04-72 

4460 


FV 

41 


16 

02-16-72 

3778 

16 

10-10-73 

9830 

5052 

FV* 

42 


32 

12-01-73 

2779 

32 

12-05-73 

2828 

59 

OK 

43 


28 

01-20-74 

2781 

28 

01-03-75 

5907 

3126 

FV** 

44 


3 

06-29-75 

632 






45 

7 

12 

06-21-71 

2438 

12 

12-18-70 

890 


OK 

46 





LOAN 

03-26-71* 



FV 

47 




2438 

12 

07-29-72 

5441 

3003 

FV* 


206 



YAW COMPUTER (Continued) 

ON 

UNIT 


LINE 

S/N 

AIRPLANE 

DATE 

TIME 

48 


19 

09-19-72 

4566 

49 


4 

07-28-75 

1311 

50 

8 




51 

8 

12 

12-18-70 

890 

52 


17 

12-09-71 

3083 

53 





54 


17 

07-04-72 

5160 

55 


35 

06-29-73 

294 

56 


12 

09-05-73 

10032 

57 


13 

12-21-73 

11051 

58 

9 

13 

12-24-70 

460 

59 


4 

11-17-71 

4001 

60 





61 





62 


10 

02-01-72 

4559 

63 


10 

02-05-72 

4604 

64 


11 

03-19-72 

4747 

65 


11 

10-29-74 

? 

66 


35 

05-13-76 

9037 

67 

10 




68 


16 

01-14-71 

295 

69 





70 





71 


13 

10-25-71 

3352 

72 


16 

01-23-72 

3539 

73 

* 

20 

12-03-72 

5122 

74 





75 




7277 

76 





77 




1135 

78 

11 




79 


10 

07-01-71 

2759 

80 


14 

02-11-72 

3769 

81 

12 




82 





83 





84 


4 

07-09-71 

2984 

85 


13 

12-01-71 

3618 

86 


4 

07-03-72 

5983 

87 


18 

10-11-72 

5012 

88 


35 

07-05-73* 

284 

89 





90 





91 


29 

05-19-76 

10422 

92 

13 




93 





94 


4 

10-13-71* 

3724 


OFF 


AIRPLANE 

DATE 

TIME 

41 

STATUS 

19 

01-02-75 

12269 

8708 

FV 

? 

11-30-70 

? 


OK 

12 

10-07-71 

3394 


FV* 

17 

01-05-72 

3369 


PV** 

LOAN 

03-20-72* 



7 

17 

10-22-72* 

6316 


FV* 

35 

07-24-73* 

447 


PV** 

12 

09-11-73 

10092 


OK 

13 

10-22-71 

3333 


FV* 

4 

11-19-71 

4011 


OK 

LOAN 

12-20-71 



OK 

LOAN 

01-09-92 



OK 

10 

02-25-72 

4809 

25C 

FV 

11 

07-27-74 

13054 

8307 

F* 

11 

08-08-75* 

15974 

2167 

F* 

11 

11-20-70 

56/ 

567 

F* 

16 

01-28-71 

399 


FV 

LOAN 

03-26-71 



p** 

LOAN 

07-06-71 



F 

13 

11-23-71 

3539 


OK 

16 

02-16-72 

3778 


FV 

20 

12-07-72 

5743 


FV 

13 

07-05-73 

9377 


FV 

20 

07-19-73 

7291 

23 

F* 

? 

08-04-73 



FV* 

35 

05-13-76 

9837 

8702 

FV** 

? 

06-09-71 



F 

io 

02-05-72 

4604 


F 

13 

12-17-70 

389 


ROBBED 

? 

03-19-71* 


? 

OK 

LOAN 

06-08-71* 



OK 

4 

11-17-71 

4001 


FV 

13 

06-05-72 

5681 


F 

18 

11-28-72 

5499 

487 

OK 

35 

06-19-73 

294 

10 

PV** 

13 

07-18-75 

16429 


FV* 

7 

10-09-75 



OK 

14 

12-17-70 

164 


OK 

LOAN 

03-05-71* 



OK 

4 

10-18-71 

3761 

37 

OK 


ORIGINAL PAGE IS 
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OFF 


YAW COMPUTER (Continued) 

ON 

UNIT 


LINE 

S/N 

AIRPLANE 

DATE 

TIME 

AIRPLANE 

DATE 

TIME 


STATUS 

95 


11 

11-05-71 

3540 

11 

11-08-71 

3559 

19 

FV 

96 


17 

01-05-72 

3369 

17 

01-16-72 

3458 

89 

OK 

97 


12 

02-18-72 

4608 

12 

04-05-72 

5062 

454 

FV 

98 


16 

04-12-72 

4331 

16 

07-12-72 

5255 

924 

F* 

99 


19 

08-16-72 

4172 

19 

09-08-72 

4448 

276 

OK 

100 


17 

10-27-72 

6316 






101 

14 




14 

12-31-70 

284 


FV 

102 


4 

01-24-71 

1449 

4 

07-09-71 

2984 

1535 


103 





LOAN 

08-15-71 



F 

104 





LOAN 

09-23-71* 



OK 

105 


20 

09-28-71 

605 

20 

12-03-72 

5122 


FV* 

106 




7089 

20 

07-09-73 

7181 

92 

OK 

107 


11 

07-13-74 

12947 

11 

07-15-74 

12966 

19 

OK 

108 


23 

09-08-74 

9434 






109 

15 




16 

01-14-71 

294 


OK 

no 


16 

01-28-71 

399 

16 

06-04-71 

5187 

1188 

OK 

111 





LOAN 

07-20-71* 



OK 

112 





LOAN 

08-31-71* 



OK 

113 





7 

09-28-71 

? 


OK 

114 


11 

11-29-71 

3739 

ii 

01-04-72 

4033 

1294 

OK 

115 


17 

11-08-71 

3458 

17 

01-28-72 

3563 

105 

OK 

116 


12 

02-04-72 

4460 

12 

02-18-72 

4608 


F 

117 





LOAN 

03-14-72 



F 

118 





LOAN 

04-10-72 



OK 

119 




6814 

13 

9 

9 


? 

120 





17 

10-25-73 

9852 


F 

121 


29 

02-19-74 

3225 

29 

11-18-75 

9056 

5831 

OK 

122 


11 

05-22-76 

18167 






123 

16 




4 

01-24-71 

1449 


FV** 

124 





LOAN 

07-29-71* 



OK 

125 


11 

08-05-71 

2853 






126 




3739 

11 

12-30-71 

3974 

235 

FV* 

127 


11 

01-04-72 

4033 






128 





10 

02-07-72 

4618 


FV* 

129 


10 

02-24-72 

4798 






130 


35 

09-20-73 


10 

01-30-75 

419 


FV* 

131 




632 

3 

06-29-75 

? 


FV* 

132 


17 

08-11-75 

15669 

17 

02-27-76 ; 

L7203 

2539 

F* 

133 




18167 

11 





134 

17 




12 

06-21-71 

2438 


FV* 

135 


16 

06-27-71 

1748 

16 

04-16-72 

4285 


OK 

136 





LOAN 

05-11-72* 




137 





LOAN 

06-01-72* 



OK 

138 


17 

07-29-72 

3441 






139 




5681 

13 

12-21-73 11051 


FV* 

140 


35 

06-22-74 

3770 







208 



YAW COMPUTER (Continued) 

ON OFF 



UNIT 









LINE 

S/N 

AIRPLANE 

DATE 

TIME 

AIRPLANE 

DATE 

TIME 

41 

STATUS 

141 

18 




10 

06-29-71* 

2675 

2675 

PV** 

142 





LOAN 

09-27-71* 



p** 

143 





LOAN 

10-14-71 

3515 


OK 

144 


17 

10-20-71 

7836 






145 


4 

11-19-71 

4011 






146 


17 

01-28-72 

3563 

17 

07-04-72 

5160 

1597 

PV** 

147 





4 

07-28-75 

1377 


OK 

148 

19 




20 

09-28-71 

605 



149 





4 

06-18-72 

5794 


FV 

150 


12 

07-28-72 

6169 

12 

07-21-73 

9531 

3362 

OK 

151 

19 

17 

10-25-73 

9852 

17 

02-17-75 

14170 


OK 

152 


11 

11-14-75 

16711 

11 

05-22-76 

18167 


FV* 

153 

20 




17 

10-20-71 

2836 


PV** 

154 





11 

11-29-71 

3739 


FV* 

155 

21 




11 

11-05-71 

3540 


OK 

156 


13 

11-23-71 

3539 

13 

12-01-71 

3618 


F 

157 


11 

02-02-72 

4305 

n 

03-19-72 

4747 

442 

OK 

158 


16 

04-08-72 

^306 

16 

04-12-72 

4331 

25 

OK 

159 


17 

07-29-72 

5441 

17 

10-23-72 

6296 

855 

PV** 

160 





20 

07-16-73 

499 


F 

161 


35 

07-24-73* 

447 






162 

22 




10 

11-27-71 

3983 


FV* 

163 





LOAN 

02-01-72 



OK 

164 


23 

02-22-72 

47 

23 

10-26-63 

6394 

6347 

FV** 

165 





LOAN 

09-10-74 



OK 

166 


17 

10-28-74 

13213 

17 

11-02-74 

13254 

41 

F 

167 


28 

01-30-75 

6100 






168 

23 




17 

12-09-71 

3083 


OK 

169 


11 

12-13-71 

3974 

11 

02-02-72 

4305 


PV** 

170 


16 

04-16-72 

4286 

16 

04-08-72 

4306 


OK 

171 


18 

04-16-72 

2301 

18 

10-07-72 

4964 


OK 

172 


17 

10-23-72 

6292 

17 

07-06-73 

8088 

1796 

FV 

173 


20 

07-19-73 

7291 






174 

24 




18 

01-09-72 

2077 


FV** 

175 


10 

01-16-72 

4387 

10 

02-01-72 

4559 


OK 

176 


10 

02-07-72 

4218 

10 

02-24-72 

4798 


FV 

177 


24 

04-05-72 

5062 

12 

07-28-72 

6169 


OK 

178 


14 

11-28-72 

6530 

? 

06-30-76 

7 


OK 

179 

25 




ie 

01-23-72 

35 k 


FV* 

180 


10 

02-25-72 

4809 

10 

09-28-72 

6821 


OK 

181 


20 

12-07-72 

5743 

20 

04-01-75 

13038 


FV 

182 


17 


15335 






183 




153600? 

10 

07-08-75 

7 


FV* 

184 


17 

07-07-75 

15335 

17 

08-11-75 

i5669 

329 

PV* 

185 


17 

01-21-72 

3515 






186 

26 




14 

02-11-72 

3769 


FV* 

187 


19 

04-02-72 

2726 

19 

04-21-72 

2909 


FV* 


OEIGWAL PAGES 

ni' POOB QUALITY 


209 


OFF 


YAW COMPUTER (Continued) 
ON 

LINE 


LINE 

S/N 

AIRPLANE 

DATE 

TIME 

AIRPLANE 

DATE 

TIME at 

STATUS 

188 





LOAN 

05-22-72 


OK 

189 





LOAN 

06-09-7? 


OK 

190 


16 

07-12-72 

5255 





191 

27 



0? 

23 

02-02-72 

47 47 

FV 

192 


20 

04-13-72 

2554 

20 

06-27-73 

4033 4033 

FV** 

193 





32 

12-01-73 

2779 

OK 

194 


11 

07-06-74 

12909 

11 

07-13-74 

12947 38 

FV 

195 





LOAN 

09-18-74 


OK 

196 


11 

10-29-74 

13883 

11 

11-14-75 

16711 2828 

FV* 

197 

28 




19 

04-02-72 

2726 

OK 

198 


19 

04-21-72 

2909 

19 

08-16-72 

4172 

OK 

199 





STOCK 

09-13-72 


OK 

200 


10 

09-28-72 

68?. 

10 

01-12-76 

3268 

FV 

201 

28 

17 

03-06-76 

17250 

17 




202 

29 




20 

04-13-72 

2554 

FV 

203 


18 

07-11-72 

3935 

18 




204 

30 




LOAN 

08-08-72 

11 

7 

205 


23 

10-14-72 

? 





206 

31 




18 

07-11-72 

3935 

FV* 

207 


19 

09-02-72 

4448 

19 

09-19-72 

4566 

FV* 

208 



02 


LOAN 

10-15-72 


F* 

209 


12 

08-31-73 

9961 

12 

09-05-73 

10032 

F* 

210 


16 

10-10-73 

9830 

16 

09-30-74 

12995 3165 

OK 

211 





LOAN 

10-22-74 


OK 

212 


10 

06-21-75 






213 

32 

18 

11-28-72 

5499 





214 




2490 

23 

10-14-72 

? 2490 

FV* 

215 


23 

10-26-73 

6394 





216 

33 




13 

10-25-72 

6814 

FV** 

217 


20 

06-27-73 

4033 

20 

07-01-73 

2089 

FV* 

218 




9033 

20 




219 


20 

07-09-73 

7181 

20 

07-17-73 

7277 

OK 

220 


12 

07-21-73 

9531 

12 

08-31-73 

9961 431 

OK 

221 


17 

10-24-73 

9845 

17 

10-28-74 

13213 3368 

FV 

222 


17 

11-02-74 

13254 

17 

03-18-76 

17274 4020 

F** 

223 


14 

05-30-76 






224 

34 




27 

11-02-72 

1413 

FV** 

225 


20 

07-16-73 

499 

20 




226 




1135 

35 

09-20-73 

7 

F* 

227 


32 

12-05-73 

2828 

32 

12-21-73 

2985 

F 

228 


35 

02-22-74 

2675 

35 

03-11-74 

2866 

OK 

229 


35 

06-10-74 

3543 

35 

06-22-74 

3770 

OK 

230 


11 

07-15-74 

12966 

11 

10-19-74 

13807 

OK 

231 





LOAN 

02-20-75 


OK 

232 


32 

08-03-75 

7 





233 


29 

11-18-75 

9056 

29 

05-19-76 

10422 1365 

FV* 


210 


YAW COMPUTER (Continued) 



LINE 


LINE 

S/N 

AIRPLANE 

234 



235 

35 


236 


11 

237 


12 

238 

36 


239 


32 

240 



241 


10 

242 

37 


243 


35 

244 


11 

245 


19 

246 

38 


"47 


23 

218 


16 

249 


17 

250 


27 

251 

39 


252 


32 

253 

40 


254 


28 

255 



256 

41 


257 


27 

258 

42 


259 


28 

260 

43 


261 



262 


20 

263 

44 

17 

264 

45 


265 


11 

266 




DATE 

TIME 

11-15-73 

10775 

07-10-74 

13001 

02-23-74 

3582 

01-12-76 

3268 

02-11-74 

2861 

07-30-74* 

13058 

01-02-75 

12264 

04-27-74 

8146 

09-30-74 

12995 

02-27-76 

17203 

04-27-76 

13119 

07-05-74 

9845 

05-25-74 

3947 

11-27-74 

8732 

01-03-75 

5908 

04-01-75 

13038 

07-15-75 

17274 

08-11-75 

16055 


AIRPLANE DATE 


LOAN 

07-16-76 

35 

07-05-73 

11 

07-06-74 

19 

01-21-74 

32 

08-03-75 

13 

11-17-75 

28 

01-20-74 

35 

06-10-74 

11 

10-29-74 

29 

02-19-74 

23 

09-08-74 

17 

03-06-76 

27 


35 

02-12-74 

32 

02-23-74 

28 

01-30-75 

11 

07-05-75 

23 

04-27-74 

27 

01-25-76 

28 

05-25-74 

27 

11-27-74 

LOAN 

01-23-75 

NEW 


3 

06-29-75 

11 

? 

LOAN 

05-04-76* 


TIME 

AT STATUS 



FV* 

284 


OK 

12909 


FV* 

? 


FV* 

8^9 


OK 

17112 


F* 

2781 


FV 

3593 


FV 

13883 


F 

3225 

3225 

FV* 

9434 

588 

F* 

17250 

47 

FV 

2675 

2675 

OK 

3582 


FV* 

6100 

2153 

OK 

15314 


OK 

8146 

8146 

FV 

12229 


OK 

3947 


FV 

8732 


PV** 

OK 


630 

FV* 

16415 

460? ? 

F* 


ORIGINAL PAGE IS 
OF POOR qualm 


211 


MLU 

ON OFF 



UNIT. 

1 


1 

1 



* 

LINE 

S/N 

AIRPLANE 

' DATE 

TIME 

•AIRPLANE 

DATE 

TIME 

STATUS 

1 



• 



8003 

09-13-70 

513 

OK 

2 






8003 

04-03-71 

2089. 

FV . 

3 



8019 

08-17-71 

567 

8019 

11-15-71 

1344 

OK 

4 



8019 

11-29-71 

1480 

8019 

03-07-72 

2444 

FV 

5 



8019 

04-12-72 

2825 

8019 

08-30-72 

4337 

FV 

6 



; 8011 

11-11-72 

6992 

soil 

01-17-73 

7768 

F 

7 



8016 

03-27-73 

,7696 

8016 

1 04-02-73 

7774 

FV 

8 






8003 

08-17-73 

10110 

OK 

9 



8003 

09-05-73 

10349 

8003 

12-17-74 

14475 

OK 

10 



8012 

01-08-75 

14320 

8012 

02-18-75 

14670 

OK 

11 



8004 

02-27-75 

3 

8004 

10-05-75 

1928 

FV 

12 



8013 

10-14-75 

16875 

8013 

10-22-75 

16889 

OK 

13 


f 

8029 

12-12-75 

9209 





14 

1 


8016 

01-11-71 

261 

* . 




15 




1 



01-22-71 


OK 

16 



. 8010 

06-03-71 

2511 

8010 

12-28-71 

8238 

FV 

17 

- 


'8012 

04-07-72 ' 



02-16-73 



18 






8019 

04-12-73 

6549 

FV 

18 



8004 

04-18-73 

8923 

8004 

08-03-73 

10056 

FV 

20 






8020 

lG-04-73 

- 

OK 

21 



8012 

11-08-73 

10660 

8012 

11-12-73 

10699 

F 

22 



8012 

12-02-73 

10888 

8012 

07-11-74 

12884 

FV 

23 



8012 

08-05-74 

13122 

8012 

01-08-75 

14316 

OK 

24 



8013 

01-23-75 

14522 

8013 

09-11-75 

16609 

FV 

25 



8012 

09-26-75 


8012 

01-14-76 

17219 

OK 

26 



8027 

03-08-76 

12618 


01-23-76 


OK 

27 . 

4 


8003 

09-13-70 

513 

8003 

10-07-70 

678 

OK 

28 



■ 



Stock 

11-25-70 


OK 

29 



8016 

02-05-71 

499 

8016 

11-28-71 

3069 

FV 

30 



8010 

12-28-71 

8238 

8010 

05-30-72 

5553 

OK 

31 



• 



8026 

06-07-73 

6822 

FV 

32 



8004 

08-03-73 

10056 

■ 8004 

08-29-74 

13714 

OK 

33 



8019 

10-24-74 

11680 

8019 

04-16-75 

13186 

OK 

34 



8016 

07-07-75 

15411 

8016 

07-23-75 

15622 

OK 

35 

i 


8014 

02-08-71 

658 

8014 

09-30-71 

■ 2676 

OK 

36 






Loan 

01-20-72 


OK 

37 






8014 

02-18-72 

3835 

. OK 

38 

* 




. 

Stock 

04-25-72 


FV 

39 



8014 

06-10-72 

4954 

8014- 

06-23-72 

5094 

F 

40 


f 

8018 

07-02-72 

3826 

8018 

07-05-73 

7506 

OK 


212 



MLU 





ON 




OFE 






i 


1 

1 



1 


UNIT 








LINE 

S/N 

AIRPLANE 

DATE 

TIME 

AIRPLANE 

DATE TIME 

STATUS 

41 

4 





8020 

11-19-73 

8542 

OK 

42 



8019 

06-09-74 

10416 

8019 

10-02-74 

11483 

OK 

43 



8018 

10-23-74 

17923 

8018 

05-01-75 

13674 

OK 

44 



8010 

06-03-75 

1484 

8010 

01-05-76 

3221 

OK 

45 







03-05-76 


OK 

46 



8016 

04-19-76 

17571 

8016 

05-13-76 

17777 

OK 

47 


f 





06-23-76 


OK 

48 

c 

i 




8016 

02-05-71 

499 

FV 

49 



8017 

02-19-71 

460 

8017 

10-08-71 


FV 

50 






8004 

10-23-71 

3791 

OK 

51 



8019 

11-15-71 

1344 

8019 

11-29-71 

1480 

FV 

52 






8016 

12-21-72 

6654 

FV 

53 



8012 

03-08-73 

8147 

8012 

04-29-73 

8707 

OK 

54 






8011 

08-08-73 

9764 

FV 

55 






8018 

03-29-74 

10063 

OK 

56 



8032 

11-07-74 

5913 





57 



8020 

04-14-74 

9923 

8020 

11-18-74 

11549 

FV 

58 






8032 

11-05-75 

9144 

OK 

59 

' 

r 

8023 

05-18-76 

14664 





60 

6 

8004 

11-21-71 

4031 

8004 

12-29-71 

• 4383 

FV 

61 



8011 

12-30-71 

3974 





62 



8011 

01-13-72 

41 03 

8011 

01-13-72 

4103 

OK 

63 



8019 

04-10-72 

2800 

8019 

04-12-72 

2825 

OK 

64 



8010 

05-30-72 

5553 

8010 

06-10-72 


FV 

65 



8014 

06-23-72 

5094 

8014 

04-20-73 

7914 

OK 

66 






8013 

09-12-73 

10059 

OK 

67 



8012 

11-12-73 

10699 

8012 

12-02-73 

10888 

F 

68 



8020 

12-05-73 

8717 

8020 

04-14-74 

9923 

FV 

69 



8018 

05-10-74 

10444 


06-19-74 


OK 

70 



8011 

07-31-74 

13083 

8011 

08-15-74 

13226 

FV 

71 



8018 

09-28-74 

11677 

8018 

10-23-74 

11923 

OK 

72 



8010 

11-14-74 

14451 

8010 

11-15-74 


F 

73 






8010 

11-28-74 

000 

F 

74 



8017 

12-12-74 


8017 

12-31-74 

13726 

FV 

75 



8003 

01-10-75 

11695 

8003 

07-l2-7'5 

727 

OK 

76 



8016 

07-23-75 

15622 

8016 

07-25-75 

15632 

OK 

77 



8029 

09-05-75 

8436 

8029 

10-05 75 

8688 

. FV 

78 



8032 

11-05-75 

9144 

8032 

11-27-75 

9246 

FV 

79 



8004 

12-28-75 

2492 





80 


7 




8012 

02-27-71 

1533 

OK 


OKIGINAL PAGE IS 
OF POOR QUALITY 


213 


ON 

1 

UNIT 


LINE 

S/N 

AIRPLANE 

DATE 

81 


7 

8003 

04-29-71 

82 



8012 

05-08-71 

83 



8018 

07-23-71 

84 



8014 

11-02-71 

85 



8018 

06-28-72 

86 



8010 

10-24-72 

87 



8027 

04-13-73 

88 



8023 

05-15-74 

89 



8010 

11-25-74 

90 



8016 

04-29-75 

91 



8028 

06-19-75 

92 





93 



8029 

10-05-75 

94 



8012 

02-13-76 

95 

i 


8023 

05-14-76 

96 

8 

8018 

08-08-71 

97 



8010 

07-07-72 

98 





99 



8017 

01-30-73 

100 



8016 

08-04-73 

101 



8012 

07-11-74 

102 



8011 

08-15-74 

103 



8010 

05-06-76 

104 

C 

1 



105 



8012 

02-27-71 

106 



8018 

06-14-71 

107 





108 



8014 

10-07-71 

109 



8004 

11-19-71 

110 





111 


1 

8004 

05-28-72 

112 





113 



8011 

01-17-73 

114 



8023 

04-12-73 

115 



8017 

06-26-74 

116 





117 



8014 

02-19-75 

118 





119 



8010 

04-07-75 

120 

’ 

t 

8028 

07-03-75 


MLU 


OFF 


1 

TIME 

1 

AIRPLANE 

DATE 

TIME 

2288 

8003 

05-01-71 

2304 

2125 

8012 

07-02-71 

2569 

511 

8018- 

08-08-71 

665 

2962 

8014 

06-10-72 

4954 

3773 

8018 

07-02-72 

3826 


8010 

03-14-73 

8596 

3062 

8027 

02-07-74 

6044 

8339 

8023 

08-25-74 

9304 

00 

8010 

04-07-75 

1019 

14820 

8016 

04-29-75 

14825 

7303 

8028 

07-01-75 

7433 

8688 

Stock 

8029 

07-26-75 

12-12-75 

9209 

17501 

8012 

04-17-76 

18072 

14651 

8023 

05-18-76 

14669 

665 

8018 

06-28-72 

3773 

6010 

8010 

07-11-72 

6061 


8004 

12-23-72 

7791 

7079 

8017 

07-06-73 

8678 

9094 

8016 

06-20-74 

12042 

12884 

8012 

08-05-74 

13122 

13226 

8011 

03-26-76 

17617 

16871 

8016 

01-11-71 

261 

1533 

8012 

05-08-71 

2125 

118 

8018 

07-23-71 

511 


8012 

08-26-71 

3026 

2730 

8014 

11-02-71 

2962 

4011 

8004 

11-21-71 

4031 


8019 

04-10-72 

2800 

5545 

8004 

09-01-72 

6628 

7768 

8011 

09-25-72 

03-30-73 

8425 

4794 

8023 

05-15-74 

8339 

12028 

8017 

12-12-74 



8014 

02-16-75 

13907 

13951 

8014 

03-13-75 

14132 

1019 

8010 

03- 31-75 

04- 09-75 

1052 

7452 

8028 

07-04-75 

7461 


STATUS 

OK 

OK 

OK 

OK 

FV 

FV 

FV 

FV 

OK 

OK 

OK 

OK 

FV 

FV 

OK 

OK 

FV 

FV 

OK 

OK 

OK 

FV 

OK 

FV 

OK 

OK 

OK 

OK 

OK 

OK 

OK 

FV 

FV 

OK 

OK 

FV 

OK 

F 


214 


ON 


MLU 


OFF 


I ! ! 1 

UNIT 


LINE 

S/N 

AIRPLANE 

DATE 

TIME 

AIRPLANE 

DATE 

TIME 

STATUS 

121 


9 

8003 

07-12-75 

727 

8003 

11-02-75 

1791 

FV 

122 



8012 

01-20-76 

17290 

8012 

02-13-76 

17501 

FV 

123 

> 


8014 

05-29-76 






124 

1 

0 




8014 

02-08-71 

658 

FV 

125 



8003 

05-01-71 

2304 

8003 

01-21-72 

4577 

FV 

126 






8017 

01-30-73 

7079 

OK 

127 






8016 

02-27-73 

7402 

FV 

128 






8003 

05-27-73 

9298 

OK 

129 



8018 

07-05-73 

7506 





130 



8035 

11-22-73 

1839 

8035 

11-27-73 

1886 

OK 

131 



8019 

03-20-74 

9700 

8019 

06-09-74 

10416 

FV 

132 



8023 

08-25-74 

9304 

8023 

12-20-74 

10508 

FV 

133 



8035 

01-14-75 

5686 

8035 

02-03-75 

5820 

OK 

134 



8012 

02-18-75 

14670 

8012 

09-26-75 


FV 

135 



8019 

10-10-75 

14704 

8019 

11-16-75 

14995 

FV 

136 

1 


8012 

05-20-76 

165 





137 

11 




8017 

02-19-71 

460 

FV 

138 






8004 

06-14-71 

2709 

OK 

139 



8012 

07-02-71 

2569 

8012 

07-09-71 

2629 

OK 

140 



8011 

07-28-71 

2773 

8011 

12-30-71 

3974 

FV 

141 



8003 

01-21-72 

4577 

8003 

07-28-72 

6190 

FV 

142- 






8023 

04-12-73 

4794 

FV 

143 



8012 

06-11-73 

9117 

8012 

10-05-73 

10366 

OK 

144 






8019 

03-20-74 

9700 

OK 

145 






8018 

09-28-74 

11677 

OK 

146 



8032 

10-19-74 

5741 

8032 

11-07-74 

5913 

FV 

147 






8012 

01-08-75 

14320 

OK 

148 






8004 

02-24-75 

3 

FV 

149 






8027 

03-08-76 

12618 

OK 

150 



8011 

03-26-76 

17617 

8011 

06-02-76 

18346 

OK 

151 

12 





03-17-71 


F 

152 



8003 

04-03-71 

2089 

8003 

04-29-71 

2288 

F 

153 



8012 

07-09-71 

2629 

8012 

08-13-71 

2913 

FV 

154 






8020 

05-25-72 

2973 

OK 

155 



8010 

07-11-72 

6061 

8010 

07-29-72 

6262 

OK 

156 






8027 

04-13-73 

3062 

OK 

157 



8012 

04-29-73 

8707 

8012 

06-03-73 

9039 

OK 

158 






8016 

08-04-73 

9094 

OK 

159 



8029 

08-17-73 

1300 

8029 

09-09-74 

5190 

FV 

160 


r 

8019 

10-02-74 

11483 

8019 

10-24-74 

11680 

OK 


original pag^ is 

OF POOR QUAUTC 


215 


UNIT 

LINE S/N 



161 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 
181 
182 

183 

184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 



8013 

11-27-74 

14037 

8013 

8014 

03-17-75 

14175 

8014 

8016 

05-13-76 

17777 

8010 

8004 

06-14-71 

2709 

8004 




Loan 

8016 

11-28-71 

3069 

8016 

8020 

05-25-72 

2973 


8013 

08-22-72 

6118 

8013 




JAL 

8004 

12-23-72 

7791 

8004 

8004 

03-28-73 

8713 

8004 

8032 

06-28-73 

1039 

8032 

8011 

05-01-73 

876? 


8029 

09-09-74 

5190 

8029 

8003 

11-02-75 

1791 

8018 

8012 

08-26-71 

3026 

8012 




Loan 




8027 

8010 

07-29-72 

6262 

8010 


8012 


8012 

06-09-73 

9097 

8012 

8017 

07-06-73 

8678 

8017 

8004 

08-29-74 

13714 

8004 

8017 

02-19-75 

14179 

8011 

8012 

08-13-71 

2913 

8012 

8004 

10-23-71 

3791 

8004 

8004 

12-29-71 

4383 

8004 

8010 

06-10-72 


8010 

8003 

07-28-72 

6190 

8003 




8019 




8027 




8010 

8020 

12-12-74 

11990 

8010 

8028 

07-04-75 

7461 



01-23-75 

14522 

FV 

03-29-76 

17327 

OK 

06-03-71 

2511 

FV 

10-18-71 


OK 

11-26-71 


OK 

05-14-72 

4624 

FV 

07-04-72 


F 

11-09-72 

6914 

OK 

12-10-72 


OK 

07-10-73 

8297 

FV 

04-18-73 

8923 

OK 

08-30-74 

5297 

OK 

09-05-75 

8436 

OK 

06-14-71 

118 

FV 

04-07-72 


OK 

04-25-72 


OK 

07-13-72 

138 

OK 

10-24-72 


F 

11-07-72 


OK 

03-08-73 

8147 

OK 

06-11-73 

9117 

FV 

06-26-74 

12028 

OK 

02-15-75 

15108 

OK 

07-28-71 

2773 

OK 

08-15-71 


OK 

11-19-71 

4011 

FV 

11-30-71 


OK 

05-28-72 

5545 

OK 

07-07-72 

6010 

OK 

11-20-72 


OK 

01-25-74 

9260 

FV 

03-06-74 

6303 

OK 

11-14-74 

14451 

OK 

06-27-75 

13804 

OK 

08-01-75 


OK 



216 


ON 


MLU 


OFF 


I 

UNIT 

LINE S/N AIRPLANE 


201 15 8013 

202 16 

203 

8013 

204 


205 

8003 

206 

8016 

207 

8011 

208 

8012 

209 

8003 

210 

8012 

211 

8020 

212 


213 

8018 

214 

8028 

215 

8028 

216 

8016 

217 ’ 

8012 

218 17 

219 

8014 

220 


221 


222 

8004 

223 

8014 

224 

8012 

225 


226 

8035 

227 • 

' 8020 

228 18 8010 

229 


230 

8013 

231 

8032 

232 

8020 

233 

8003 

234 

8016 

235 

8003 

236 

8023 

237 19 

238 

8013 

239 

8003 

240 

8011 


1 r 


DATE 

TIME 

AIRPLANE 

10-22-75 

16889 




8019 

09-15-71 

3023 

8013 



8016 

11-20-72 


8003 

02-27-73 

7402 

8016 

03-30-73 

8425 

8011 

06-03-73 

9039 

8012 

08-11-73 

10110 

8003 

10-05-73 

10366 

8012 

11-19-73 

8542 

8020 



8011 


10063 

8018 

05-^ 

3911 

8028 

07-01-V5 

7433 

8028 

07-25-75 

15632 

8016 

05-09-76 

55 

8012 



8013 

09-30-71 

2676 

8014 



8011 



8016 

02-10-73 

8297 

8004 

04-20-73 

7914 

8014 

10-23-73 

16524 

8012 



8035 

02-03-75 

5829 

8035 

02-07-76 

15633 


03-14-73 

8596 


08-21-74 

13174 

8013 

09-08-74 

5379 

8032 

11-25-74 


8020 

12-17-74 

11475 

8003 

02-13-75 

14162 

8016 

04-16-75 

13186 

8019 

05-13-75 

11693 

8023 



8023 

11-09-72 

6914 

8013 

05-27-73 

9298 

8003 

08-08-73 

9764 

8011 


DATE 

TIME 

STATUS 

08-17-71 

5167 

OK 

08-22-72 

6418 

FV 

10-24-72 

7072 

FV 

02-09-73 

8219 

F 

03-27-73 

7696 

FV 

05-11-73 

8767 

OK 

06-09-73 

9097 

OK 

09-05-73 

10349 

OK 

10-23-73 

10524 

FV 

12-05-73 

8717 

OK 

01-14-74 

11372 

OK 

05-10-74 

10444 

OK 

06-19-75 

7303 

OK 

07-03-75 

7452 

OK 

04-19-76 

17571 

OK 

05-20-76 

165 

OK 

09-15-71 

3023 

OK 

10-07-71 

2730 

OK 

11-11-72 

6992 

OK 

12-29-72 

6747 

FV 

03-28-73 

8713 

FV 

10-17-73 

9778 

FV 

11-08-73 

16660 

OK 

01-14-75 

5656 

OK 

01-27-76 

8795 

OK 


05-23-74 


FV 

08-25-74 

13217 

FV 

10-16-74 

5741 

FV 

11-25-74 

11869 

F 

01-10-75 

11695 

OK 

02-19-75 

14215 

FV 

05-05-75 

13272 


05-14-76 

14651 

OK 

10-02-72 

2377 

OK 

05-10-73 

8776 

OK 

06-18-73 

8449 

FV 

01-09-74 

11327 

OK 




217 


ON 


MLU 


OFF 


r 


1 r 


1 


UNIT 


LINE 

S/N 

AIRPLANE 

DATE 

TIME 

AIRPLANE 

DATE 

TIME 

STATUS 

241 

19 

8029 

01-25-74 

9260 

8019 

03-05-74 

9589 

OK 

242 



8027 

03-06-74 

6363 

8027 

03-13-75 

7624 

OK 

243 



8016 

03-24-75 

14-^97 

8016 

04-29-75 

14820 

OK 

244 

i 


8019 

05-05-75 

13272 


05-08-75 


OK 

245 



8020 

06-27-75 

13804 

8020 

02-07-76 

15633 

OK 

246 



8035 

04-21-76 

9625 





247 

20 




8027 

10-20-72 

1263 

FV 

248 



8016 

12-21-72 

6655 

8016 

12-24-72 

6685 


249 



8016 

12-29-72 

6747 





250 






8012 

02-03-73 


OK 

251 



8003 

02-09-73 

8219 


03-14-73 


OK 

252 



8016 

04-02-73 

7774 

8016 

04-19-73 

7939 

OK 

253 



8020 

06-07-73 

6822 

8020 

07-07-73 

7161 

OK 

254 



8014 

12-07-73 

10236 

8014 

12-20-74 

13542 

OK 

255 






8019 

10-10-75 

14707 

OK 

256 



8019 

11-16-75 

14736 





257 

21 




8032 

06-28-73 

1039 

FV 

258 



8014 

10-17-73 

9778 

8014 

12-07-73 

10236 

OK 

259 



8027 

02-07-74 

8044 

8027 

03-06-74 

6303 

OK 

260 






Stock 

08-14-74 


OK 

261 






Stock 

08-28-74 


OK 

262 



n 

0\JO^ 

08-30-74 

5297 

8032 

09-08-74 

5379 

OK 

263 



8020 

10-18-74 

11549 

8020 

10-25-74 


OK 

264 



8020 

11-25-74 

11869 

8020 

12-12-74 

11990 

OK 

265 



8023 

01-02-75 

i0569 

8023 

01-04-75 

10554 

OK 

266 



8035 

02-03-75 

5820 

8035 

02-03-75 

5829 

OK 

267 



8014 

02-16-75 

13907 

8014 

02-19-75 

13951 

F 

268 



8014 

03-13-75 

14132 

8014 

03-17-75 

14175 

F 

269 



8035 

01-24-76 

8795 

8035 

02-05-76 

8887 

F 

270 






k129 

08-17-73 

1300 

OK 

271 

22 

8013 

09-12-73 

loosr 

..C13 

08-21-74 

13174 

OK 

272 






S.-;13 

11-27-74 

14037 

FV 

273 






^017 

02-19-75 

14179 

FV 

274 







04-23-75 


F 

275 



8018 

05-01-75 

13674 





276 

1 





8010 

05-06-76 

16871 

OK 

277 

23 




8035 

11-22-73 

1839 

OK 

278 



8011 

01-14-74 

11372 

8011 

07-31-74 

13083 

OK 

279 



8016 

12-09-74 

13602 

8016 

02-13-75 

14162 

OK 

280 



8010 

04-09-75 

1052 

8010 

06-03-75 

1484 

OK 


218 






ON 




OFF 






1 


1 

1 



j 


UNIT 








LINE 

S/N 

AIRPLANE 

DATE 

TIME 

AIRPLANE 

DATE 

TIME 

STATUS 

281 

2 

3 




8013 

10-14-75 

16875 

F 

282 



8032 

11-27-75 

9246 

8032 

12-26-75 

9366 

OK 

283 



8010 

01-05-76 

3221 

8010 

02-06-76 

3366 

OK 

284 


' 

8012 

04-17-76 

18072 

8012 

05-09-76 

55 

OK 

285 

2 

4 




8028 ■ 

05-21-74 

3911 

OK 

286 



8016 

06-20-74 

12042 

8016 

12-09-74 

13602 

OK 

287 

1 

' 

8024 

01-04-75 

10554 

8023 

05-13-75 

11693 

FV 

288 

25 

8023 

12-20-74 

10508 

8023 

01-02-75 

10569 

OK 

289 



8016 

02-19-75 

14215 

8016 

03-24-75 

14497 

OK 

290 






8007 

03-31-75 


OK 

291 



8016 

04-29-75 

14825 

8016 

07-07-75 

15411 

FV 

292 



8004 

10-05-75 

1928 

8004 

12-28-75 

2492 

FV 

293 



8010 

02-07-76 

3469 


01-13-76 


FV 

294 

26 




Loan 

03-31-75 


FV 

295 

27 

8012 

01-14-76 

17219 

8012 

01-20-76 

12200 

FV 

296 


1 

8035 

02-05-76 

8887 

8035 

04-21-76 

9625 

OK 

297 

1 


8011 

06-02-76 

18346 





298 

28 

8032 

12-26-75 

9366 





299 

29 




New 

01-13-76 


OK 

300 


1 

8010 

02-06-76 

3366 

8010 

02-07-76 

3469 

FV 

301 

1 

\ 

8014 

03-29-76 

17327 

8014 

05-29-76 

17767 

FV 


ORIGINAL PAGBg 
OF POOR QUALOT 


219 



AUTO STAB TRIM UNIT 


S/N 


ON 



OFF 



PLANE 

DATE 

TIME 

PLANE 

DATE 

TIME 

STATUS 


12 

11-21-70 

673 





1 

20 

9-17-71 

497 

20 

2-2-72 

1840 

OK 

3 




12 

2-22-72 

? 

FV 

4 

19 

3-4-72 

2413 





5 

13 

4-18-72 

5060 





6 




19 

4-30-72 

2999 

F 

7 




14 

7-11-73 

8803 

OK 

8 

18 

8-25-73 

8046 

18 

6-23-74 

10729 

CK 

g 

17 

7-1-74 

12078 

17 

6-14-75 

15160 

OK 

10 




RETURN 








qUANTAS 

7-30-75 


FV 

11 

29 

8-21-75 

8321 

29 

10-4-75 

8683 

FV 

12 

35 

3-30-76 

9401 

35 

3-30-76 

9409 

OK 

13 

13 

4-3-76 

18078 

13 

5-13-76 

18162 

FV 

14 ^ 




10 

4-24-71 

2184 

FV 

15 

18 

6-7-71 

44 

18 

6-21-71 

200 

OK 

16 

20 

9-16-71 

461 

20 

9-17-71 

497 

OK 

17 




4 

9-27-71 

3647 

OK 

18 

16 

10-27-71 

2851 

16 

11-27-71 

3069 

FV 

19 

10 

12-8-71 

4083 

10 

2-7-72 

4618 

FV 

20 

10 

3-30-72 

5169 

10 

8-27-72 

6526 

OK 

21 

3 

2-18-73 

8311 





22 ? 




4 

6-14-70 

605 

FV 

23 

14 

2-8-71 

658 

14 

6-10-72 

4954 

FV 

24 

18 

6-28-72 

3773 

18 

7-5-2 

3852 

OK 

25 

18 

7-25-72 

4097 

18 

8-25-73 

8046 

FV 

26 

16 

9-22-73 

9636 

16 

8-18-74 

12623 

OK 

27 




35 

9-14-74 

4551 

OK 

28 




FROM 



c 





JAL 

10-29-74 


r 

29 

13 

4-20-75 

13231 





30 

29 

6-16-75 

7702 





31 




13 

10-14-75 

16820 

FV 

32 

13 

11-14-75 

17094 

13 

4-3-76 

18078 

FV 

33 

13 

5-14-76 

18174 






220 



S/N 


ON 



OFF 




PLANE 

DATE 

TIME 

PLANE 

DATE 

TIME 

STATUS 

34 

4 




12 

11-21-70 

673 

OK 

35 





13 

11-28-71 

3594 

FV 

36 


13 

4-23-71 

1636 

13 

4-17-72 

5037 

OK 

37 


19 

5-31-72 

3279 

19 

8-3-72 

4022 

FV 

38 


13 

9-8-72 

6639 

13 

2-25-74 

11605 

F 

39 


10 

3-12-74 

12177 

10 

11-15-74 

? 

FV 

40 





10 

1-7-75 

253 

OK 

41 


29 

2-18-75 

6673 

29 

3-7-75 

? 

F 

42 


19 

6-11-75 

13504 





43 

5 




14 

2-8-71 

658 

OK 

44 


13 

3-14-71 

1203 

13 

4-13-71 

1524 

OK 

45 


3 

5-26-71 

2518 

3 

6-3-71 

2518 

FV 

46 


11 

6-30-71 

.2493 





47 


12 

8-22-71 

2996 

12 

9-18-71 

3258 

OK 

48 


4 

9-27-71 

3647 

4 

10-9-71 

3706 

OK 

49 





RETURN 

NW 

11-16-71 


OK 

50 


10 

2-7-72 

4618 

10 

3-30-72 

5169 

FV 

51 


12 

4-7-72 

5081 

12 

8-20-72 

6400 

FV 

52 


4 

9-7-72 

6684 





53 





16 

5-24-73* 

8178 

FV 

54 





R FROM 
NW 

6-12-73 


OK 

55 


20 

7-17-73 

7277 

20 

1-2-75 

12204 

FV 

56 


10 

1-7-75 

253 

10 

1-18-76 

3321 

F 

57 





23 

5-27-76 

14764 

FV 

58 

6 

18 

6-21-71 

200 

18 

6-28-72 

3772 

FV 

59 


16 

7-10-72 

5215 

16 

7-18-72 

5305 

F 

60 


19 

8-3-72 

4022 

19 

8-10-72 

4098 

OK 

61 





12 

4-20-73 

8621 

OK 

62 


16 

5-24-73 

8262 

16 

8-8-73 

9122 

OK 

63 


10 

10-11-73 

10794 

10 

3-12-74 

12177 

OK 

64 





13 

5-6-74 

12176 

OK 

65 


17 

5-22-74 

11721 





66 


35 

8-13-74 

4258 

? 

8-28-74 

? 

OK 

67 


• 



R F 

AMERICAN 

9-6-74 

7 

OK 

68 


35 

9-14-74 

4551 

35 

9-18-74 

4572 

FV 


OBIGWAL PAGE S 

OF POOR QtJALTTx 



S/N 


ON 



OFF 




PLANE 

DATE 

TIME 

PLANE 

DATE 

TIME 

STATUS 

69 

6 

(continued) 



29 

10-31-74 

5676 

FV 

70 


32 

1-15-75 

6549 





71 

7 

3 

10-9-70 

698 

3 

5-26-71 

2510 

FV 

72 





RETURN 

FROM LOAN 6-28-71 


OK 

73 





16 

10-27-71 

2851 

FV 

74 





12 

3-12-72 

4816 

OK 

75 





13 

4-21-72 

5085 

OK 

76 


19 

4-30-72 

2999 

19 

5-31-72 

3279 

OK 

77 


20 

6-30-72 

3354 

20 

11-28-72 

5096 

FV 

78 





16 

5-24-73 

8262 

OK • 

79 


10 

5-27-73 

9356 

10 

5-29-73 

9371 

OK 

80 


14 

12-16-73 

10313 

14 

1-14-74 

10554 

FV 

81 

8 




12 

9-10-70 

76 

OK 

82 


13 

4-13-71 

1524 

13 

4-20-71 

1599 

OK 

83 





12 

7-3-71 

2577 

OK 

84 





12 

8-09-71 

2883 

FV 

* 85 





RET.F.A. 

9-1-71 

7 

OK 

86 





II 

9-24-71 

7 

OK 

87 





19 

11-19-71 

7 

OK 

88 


16 

11-27-71 

3069 

16 

5-11-72 

4601 

OK 

89 


16 

6-25-72 

5069 

16 

6-29-72 

5103 

OK 

90 


18 

7-5-72 

3852 

18 

7-25-72 

4097 

OK 

91 


19 

8-10-72 

4098 

19 

6-9-74 

10417 

F 

92 


19 

9-11-74 

11295 

19 

10-15-74 

11591 

F 

93 


20 

2-22-75 

12678 

20 

6-20-75 

13726 

F 

94 


20 

8-27-75 

14-382 

20 

9-20-75 

14601 

FV 

95 


29 

10-19-75 

8837 





96 

9 

4 

6-14-70 

605 

4 

6-30-71 

2893 

OK 

97 


12 

7-15-71 

2682 





98 


12 

9-18-71 

3258 

12 

9-26-71 

3319 

OK 

99 


13 

11-28-71 

3594 





100 


.. 

2-19-72 

2273 

19 

3-4-72 

2413 

OK 

101 


12 

3-12-72 

4816 

12 

4-7-72 

5081 

OK 

102 


13 

4-21-72 

5085 

13 

5-14-72 

5326 

OK 


222 



ON OFF 



S/N 

PLANE 

DATE 

TIME 

PLANE 

DATE 

TIME 

STATUS 

103 


tcontinuedj 

14 

6-10-72 

4954 

14 

6-28-72 

? 

FV 

104 


3 

7-4-72 

5938 

3 

2-18-73 

8311 

OK 

105 


16 

3-19-73 

7602 





106 





13 

5-5-73 

? 

FV 

107 


19 

6-9-74 

10417 

19 

8-27-74 

11145 

OK 

108 


35 

9-18-74 

4572 

35 

8-2-75 

7445 

FV 

109 


29 

8-25-75 

0316 

29 

8-21-75 

8321 

FV 

110 


19 

9-24-75 

1827 





110 

10 




3 

10-9-70 

698 

OK 

112 


10 

4-24-71 

2184 

10 

12-8-71 

4083 

OK 

113 


20 ■ 

2-2-72 

1840 

20 

6-30-72 

3354 

OK 

114 


11 

7-3-72 

5601 

11 

10-17-72 

6700 

FV 

115 


11 

12-27-72 

7442 

11 

8-15-73 

9857 

OK 

116 





16 

9-22-73 

9636 

OK 

117 





■? 

2-25-74 

? 

OK 

118 


13 

3-17-74 

11759 





119 





17 

7-1-74 

12078 

FV 

120 


16 

8-18-74 

12623 





121 

11 




? 

12-15-70 

7 

OK 

122 


13 

4-20-71 

1599 

13 

4-23-71 

1636 

OK 

123 





3 

6-31-71 

2567 

OK 

124 





LOAN 

7-22-71 


FV 

125 





LOAN 

5-27-71 


OK 

126 





LOAN 

9-22-71 


OK 

127 


16 

5-29-72 

4710 

16 

6-25-72 

5069 

F 

128 





20 

7-18-72 

3576 

OK 

129 


4 

8-17-72 

6446 

4 

9-7-72 

6684 

OK 

130 





LOAN 

10-14-72 


OK 

131 


12 

4-20-78 

8621 





132 


10 

5-29-73 

9371 

10 

6-4-73 

9428 

OK 

133 


14 

8-2-73 

9005 

14 

8-21-73 

9227 

F 

134 


10 

9-9-73 

10458 

10 

10-11-73 

10794 

OK 

135 





4 

5-7-74 

12641 

OK 

136 


29 

10-31-74 

5676 

cv 

2-18-75 

6673 

OK 

137 


•• 



.35 

3-30-76 

9401 

OK 

138 


13 

5-13-76 

18162 

13 

5-14-76 

18174 

FV 


^ 


223 


S/N 


ON 



OFF 



PLANE 

DATE 

TIME 

PLANE 

DATE 

TIME 

STATUS 

139 




13 

3-14-71 

1203 

OK 

140 

3 

6-3-71 

2567 

3 

11-9-71 

3881 

F 

141 




13 

4-17-72 

507 

FV 

142 

4 

5-6-72 

5764 

4 

8-17-72 

6446 

OK 

143 

10 

8-27-72 

6526 

10 

10-4-72 

6879 

OK 

144 

11 

10-17-72 

6700 

11 

12-27-72 

7442 

OK 

145 

10 

4-29-73 

4085 





146 




12 ■ 

5-14-73 

8846 

OK 

147 




10 

5-27-73 

9356 

OK 

148 

10 

6-4-73 

9428 

10 

9-9-73 

10458 

OK 

149 




35 

8-13-74 

4258 

F 

150 

19 

10-18-74 

11620 

19 

6-11-75 

13504 

FV 

151 




? 

8-15-75* 

? 

F 

152 

29 

10-5-75 

8688 

29 

10-19-75 

8837 

OK 

153 




10 

1-24-76 

3374 

F 

154 




18 

6-7-71 

44 

OK 

155 

4 

6-30-71 

2893 

4 

6-30-71 

2902 

OK 

156 




12 

8-22-71 

2996 

OK 

•157 

20 

9-4-71 

389 

20 

9-16-71 

491 

OK 

158 

12 

9-26-71 

3319 

12 

10-6-71 

3386 

OK 

159 




LOAN 

11-2-71 


F 

160 

3 

11-9-71 

3881 

3 

7-4-72 

5938 

F 

161 

14 

12-1-73 

10160 





162 

14 

12-8-73 

10240 

14 

12-16-73 

10313 

OK 

163 

32 

2-9-74 

3442 

32 

1-15-75 

6549 

FV 

164 




29 

6-16-75 

7702 

FV 

165 ■ 

20 

7-17-75 

14002 

20 

8-17-75 

14282 

FV 

166 

20 

9-20-75 

14601 

20 

12-2-75 

15266 

FV 

167 

10 

5-30-76 

4462 





168 1-1 




11 

6-30-72 

2493 

OK 

169 

12 

7-3-71 

2577 

12 

7-15-71 

2682 

FV 

170 




11 

7-3-72 

569 

FV 

171 

16 

8-16-72 

5605 

16 

8-25-72 

5716 

OK 

172 

10 

10-5-72 

6889 

10 

4-29-73 

9005 

FV 

173 

■ 12 

5-22-73 

8916 






224 



S/N 


ON 



OFF 



PLANE 

DATE 

TIME 

PLANE 

DATE 

TIME 

STATUS 

174 




16 

7-4-71 

1816 

FV 

175 




LOAN 

7-17-71 


OK 

176 

20 

8-10-71 

5159 

20 

9-4-71 

5389 

F 

177 

4 

10-9-71 

3706 

4 

5-6-72 

5764 

OK 

178 

16 

5-11-72 

4601 

16 

5-29-72 

4710 

FV 

179 

16 

6-29-72 

5103 

16 

7-10-72 

5215 

OK 

lao 

12 

5-14-73 

8846 

12 

5-22-73 

8916 

OK 

181 

14 

7-11-73 

8503 

14 

7-31-73 

8984 

OK 

182 

16 

8-8-73 

9122 





18.1 




14 

12-8-73 

10240 

OK 

184 

23 

1-31-74 

7310 

23 

4-22-74 

8101 

FV 

185 

19 

8-27-74 

11145 

19 

9-11-74 

11295 

OK 

186 




19 

10-18-74 

11620 

FV 

187 

20 

2-18-75 

12694 

20 

2-22-75 

12678 

OK 

188 

29 

10-4-75 

8683 

29 

10-5-75 

8688 

FV G 

189 




OUT OF 








STOCK 

11-14-75 


FV 

190 




17 

2-7-76 

17036 

FV 

191 

29 

2-23-76 

968: 41G 

29 

3-25-76 

99C7 

OK 

192 

35 

4-3-76 

9450 

35 

4-19-76 

9605 

OK 

193 15 




20 

8-10-71 

5159 

FV 

194 




LOAN 

9-13-71 


OK 

195 

12 

10-6-71 

3386 





196 

13 

5-14-72 

326 

13 

9-8-72 

6639 

OK 

197 

10 

10-4-72 

6879 

10 

10-5-72 

6889 

OK 

198 




20 

7-17-73 

7277 

OK 

199- 




STOCK 

8-17-73 


OK 

200 

14 

8-21-73 

9227 

14 

12-1-73 

10160 

FV 

201 

23 

4-22-74 

8101 

23 

1-27-76 

13838 

F 

202 

17 

2-7-76 

17036 





203 1^ 




19 

2-19-72 

2273 

OK 

204 

13 

4-17-72 

5037 

13 

4-18-72 

5060 

FV 

205 




LOAN 

6-23-72 


OK 

206 

16 

7-18-72 

5305 

■ 6 

8-16-72 

56G5 

F 

207 

16 

8-25-72 

5716 

16 

3-19-73 

7602 

OK 


OilXGlHAi P^GE E 

OF poo® 



S/N 


ON 


PLANE 

DATE 

TIME 

208 

17 

(conttnued) 



209 





210 


14 

7-31-73 

8984 

211 


11 

8-15-73 

9857 

212 

18 




213 


13 

2-25-74 

11605 

214 


13 

5-6-74 

12176 

215 


20 

6-20-75 

13726 

216 


20 

8-17-75 


217 





218 


29 

2-10-76 

9576 


219 

19 




220 


4 

5-7-74 

12641 

221 


13 

10-14-75 

16820 

222 


19 

12-2-75 

15266 

223 





224 

20 

18 

6-23-74 

10729 

225 

21 




226 


17 

6-14-75 

15160 

227 





228 





229 


35 

3-30-76 

9409 

230 

22 




231 


10 

1-24-76 

3374 


PI AMP 

OFF 



rLrtrft 

LOAN 

DATE 

6-12-73 

TIME 

STATUS 

OK 

LOAN 

6-21-73 


OK 

14 

8-2-73 

9005 

FV 


23 

1-31-74 

7310 

FV 

43 

3-17-74 

11759 

FV 

13 

4-20-75 

13231 

OK 

20 

7-17-75 

14002 

OK 

20 

8-27-75 

14382 

F 

20 

12-2-75 

15256 

OK 

29 

2-23-76 

968 

FV 

32 

2-9-74 

3442 

OK 

4 

9-24-75 

1827 

OK 

13 

11-14-75 

17094 

OK 

17 

5-22-74 

• 

11721 

OK 


20 

2-18-75 

12694 

FV 

29 

2-10-76 

9576 

OK 

LOAN 

3-9-76 


F 

35 

4-3-76 

9450 

FV 

29 

8-25-75 

8316 

FV 

10 

5-30-76 

4462 

FV 


226 


AUTO THROTTLE COMPUTER 


ON , OFF 

unitI 


LINEj 

S/N 

AIRPLANE 

DATE: 

TIME 

AIRPLANE 

DATE 

TIME 

at status 

1 

1 

12 

05-18-71 

2203 

12 

05-24-71 

2259 

56 

FV 

2 

2 

12 

05-24-71 

2259 

12 

05-26-71 

2266 

7 

OK 

3 





LOAN 

. 08-18-71 



F 

4 


14 

02-10-72 

3754 

14 

10-20-72 

6345 

2591 

OK 

5 





20 

09-18-73 

7905 


OK 

6 


12 

11-08-73 

10666 

12 

04-22-74 

12148 


FV 

7 


32 

10-08-74 

5665 

32 





8 


35 

11-19-75 

8552 






9 


39 

01-05-76 

8638 

34 





10 

3 




out of stock 

02-08-71 



FV 

11 


12 

05-26-71 

2266 

12 

11-08-73 

106S0 

839‘ 

FV 

12 


13 

11-27-73 

5561 






13 


4 

03-09-75 

7916 

4 





14 


28 

04-14-75 

6727 






15 

4 




11 

07-26-75 

16403 


FV 

16 

‘ 5 




LOAN 

03-25-71* 



OK 

17 


14 

12-11-71 

3241 

14 

01-06-72 

3458 


FV 

18 


10 

09-16-72 

6705 

10 

09-28-72 

6821 


FV 

29 


20 

08-17-74 

10995 

20 





20 

6 

13 

06-04-72 

5561 

13 

11-27-73 

10774 


OK 

21 


10 

12-06-73 

11335 

10 

11-31-74 

0 


FV 

22 

7 

14 

01-06-72 

3458 

14 

02-10-72 

3754 

296 

FV 
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INTRODUCTION 

During 1975 and 1976, United Airlines participated, as a subcontractor to 
Boeing, in the NASA sponsored Airborne Advanced Reconfigurable Computer 
System, or ARCS, program. The primary task assigned to United Airlines 
in the ARCS program was to assist Boeing in the development of system 
test design criteria, system test function, and its cost-of-ownership 
effects. 

The ARCS program was completed in the summer of 1976 with a finding that 
the ARCS type system design and its system test concept has a potential 
annual saving to an airline operator of $4,000 per aircraft when compared 
to a system representing today's technology.* 

Upon completion of the ARCS program, it became apparent that further 
development of the ARCS type concept would benefit from a detailed 
analysis of the reliability and availability of a contemporary analog 
AFCS. 

United Airlines accepted, under a new contract agreement (UA Contract 
No. 32646, Boeing Purchase Order No. Y-304805-0935N) , the task of collecting 
maintenance and operational data and of assisting Boeing in the assessment 
of the reliability and availability of the contemporary flight control 
electronics. 

1 . PURPOSE 

The purpose of this report is to satisfy the output requirement as called 
for by the Statement of Work for United Airlines. The Statement of Work 
specifies United's responsibility to be as follows: 

1. Describe United Airlines Maintenance policies and present their 
underlying rationale. 

2. Describe maintenance requirements established by the FAA and their 
interface with the maintenance procedures at United. 

3. Select a contemporary flight control system for reliability and 
maintenance analysis. 

4. Examine United Airlines maintenance records and extract and document 
the data required for computation of the selected flight control 
system reliability, availability and maintenance parameters. 

5. United Airlines shall prepare and submit a report covering the work 
defined by Items 1 through 4. The report can be of United Airlines 
internal engineering report format and transmitted by cover letter. 


* General Electric HCP-703 triply redundant Whole Word Computer System (WWC5) 
and not the analog systems on today's wide-bodied jets. 
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3. SCOPE 

It is assumed that the readers of this report are not intimately faimliar 
with airline operations. For this reason, the report discusses relatively 
fundamental concepts and practices with respect to the maintenance operation 
at United Airlines. 

Furthermore, this report is a summary of data collection done on a strictly 
engineering level. Maintenance philosophies discussed in this report, 
therefore, are somewhat localized to specific programs such as the CAT II 
program in which engineering plays a key role at United. 

4. SUMMARY 

A. The basic objective of maintenance is to provide a safe, reliable 
airplane for an on-time departure in a manner that is cost effective. 
United has a special interest in being a leader of the industry in 
terms of the quality of maintenance work performed at the Maintenance 
and Operations Center at San Francisco. The Center is the largest of 
its kind ip the world and serves a number of other airlines on a 
contract basis. United actively searches for innovative ideas to 
improve industry standards. A large amount of R&D type contributions 
made to the industry through ATA, ARINC and other industry organizations 
is evidence of this philosophy. 

A key concept of the United Maintenance policies are represented by 
various maintenance programs as discussed in section 6 below. The 
backbone of the avionic component maintenance is United's LIBRA 
maintenance management program. Section 7 discusses this program and 
its condition monitoring concept which governs all AFCS components. 

In short, condition monitoring assures adequate maintenance without 
resorting to periodic removal of components or periodic testing of 
the system. United's objection to pre- flight test requirements for 
future AFCS is supported by this program. 

B, The airline industry is rigidly controlled by regulatory agencies. 
Federal Aviation Regulations (FAR) cover practically all aspects of 
airline operation and compliance is monitored by the FAA inspectors 
assigned to each airline. There is a considerable amount of inter- 
face betv/een these inspectors and the airline to which they are 
assigned. Many operations such as Category II lower weather minima 
operation require establishment of a special maintenance program. 

The individual airline is responsible for establishment of such a 
program within the guidelines defined by the Advisory Circulars. Due 
to difference in the personnel skill level, overhaul facility, schedule 
frequency and availability of repair equipment, these programs vary 
from airline to airline. The philosophy of each FAA inspector also 
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{H} /'FCS related p<oblems caused 76 delays of which 13 were caused 
by AFCS components. Average delay was 1/2 hour long. 

(9) Line Maintenance cost charged to ATA Chapter 22 was $42,192. 

Shop labor cost was $97,225. (Both include overhead). Shop 
material cost was $51 ,844. 

(10) Overall BITE effectiveness was 54°* for the pitch computer and 
75% and 50% for the roll and yaw computers, respectively. INS, 
the only digital system examined, had a high 84% effectiveness 
for the period examined. 

(11) CAT II system availability was very high. 

Full CAT II was available 90% of the time. When Restricted CAT II is 
added, the availability improved to approximately 98%. 

E. It is recognized by the industry that the reliability and availability 
of avionics system, hence MTBF and MTBUR of most components, are 
affected by the route structure. Length of flight, airport facility 
and maintenance availability are important factors to be considered 
when the data of one airline are to be compared to that of another. 

For this reason, sections 12 & 13 are devoted to the route structure 
of United 747 fleet, 

5. REGULATORY REQUIREMENTS 

United Airlines, being a certified scheduled U.S. air carrier, operates 
under a set of regulatory requirements knovm as Federal Aviation Regulations 
(FAR’s). The PAR'S are published by the Federal Aviation Administration 
(FAA) a d they regulate practically all aspects of airline operations, 
ranging from facilities airline management to in-flight food 

and beverage services. In addition, the FAA publishes the Advisory 
Circulars (AC's) which also define, specify and provide guidelines for 
specific areas of airline operation. Thus, these regulatory requirements 
as represented by the FAR's and AC's make air transport the most rigidly 
regulated private industry -in the United States. 

There are some sixty FAR's that are being kept current by the FAAj however, 
only six of them apply specifically to United Airlines, These six FAR's 
are : 

FAR PART 25 Airworthiness Standards: Transoort Catpoory Airplanes 

Specifies airworthiness standards, including such items 
as load distribution, takeoff speeds, structural strength, 
cockpit control knob shape, etc. This FAR is primarily for 
airframe designers, but operators are also subjected to the FAR, 
particularly at time of major modificatian to the aircraft. 
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FAR PART 43 Maintenance, Preventive Maintenance, Rebaiiding 4 Alteration 

Rules as to who can perform maintenance and rework on aircraft 
or its components, who can return them to service. Also 
specifies record keeping requirements including content and 
format of the recorded data. 

FAR PART 65 Certification: Airmen Other than Flight Crew Members 

Prescribes requirements for issuing of certification to 
air traffic control tower operators, aircraft dispatchers, 
mechanics, repairmen, and parachute riggers. 

FAR PART 91 General Operating and Flight Rules 

Pertains to general operating procedures and pilot 
responsibilities. Flight rules under VFR and IFR are 
also a part of this document. 

FAR PART 121 Certification & Operations: Domestic, Flag and Supplemental 

Air Carriers and Commercial Operators of Large Aircraft 

The most extensive of all FAR's applicable to commercial 
operators. Establishes certification rules Including 
airline management and organization requirements, servicing 
and maintenance facilities, and in-flight services such as 
food and beverages. Also covered are airplane performance 
limitations, special airworthiness requirements such as 
emergency evacuation procedures, airborne instrument and 
equipment requirements, maintenance requirements, flight 
crew training, flight operations rules, dispatching rules, 
etc. 

FAR PART 145 Repair Stations 

Requirements for issuing repair station certificates. 
Establishes rating and classes of stations. Inspection 
system, and reporting of serious defects found by the 
station. Requires that once a unit is removed from the 
aircraft and sent to a repair station, it cannot be made 
serviceable unless It is checked by an acceptable technical 
document. 

The rules and regulations contained in the above documents dictate the 
conduct of airline operation, and because they apply equally to all 
conmercial operators, there is no basic difference between the way United 
operates as compared to the way, for example, Delta or Eastern operates. 

On the other hand, however, specific method of compliance to the FAR's 
may vary considerably from airline to airline. The rules and regulations 
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In the par's are often stated in a manner which permits diversity; ... 
each person maintaining or altering, or performing preventive maintenance, 
shall use method, techniques, and practices acceptable to the administrator... 
This diversity is frequently noticeable in the maintenance -drsa* How each 
airline maintains its fleet of aircraft, components and power plants depends 
largely upon the size of fleet, schedule frequency, skill level and staffing 
of maintenance personnel, availability of certain tools and facilities. 

The following example illustrates the point; -compared to United, a small 
operator such as regional charter operators is likely to have stricter 
shop overhaul requirements imposed by the FAA on certain line replaceable 
units. The difference may be such that the small operator is not permitted 
to install those units that have been overhauled by United without additional 
testing. The rationale is that, in the FAA's viewpoint, the line personnel 
skill level at airports served by United is comparatively higher than of other 
airlines which leads to an early detection of faults, and hence, less 
stringent overhaul requirements for United. 

In other areas, however, the situation may be reversed. The Category II 
(CAT II) maintenance program for United fleets, for example, is 
considerably more stringent than similar programs in the industry. This 
particular case reflects somewhat conservative views of the local FAA 
inspector and UA engineering with respect to the reliability of the self 
test built into the contemporary Automatic Flight Control Systems (AFCS). 
Details of the CAT II maintenance program will be described later in this 
report. 

The FrAA enforces and monitors the maintenance aspect of the FAR compliance 
of each airline through the Primary Maintenance Inspectors (PMI's) assigned 
to the locality of each airline and they are often referred to as "local FAA". 
As described briefly in the above illustration of the CAT II maintenance 
program, it is through these local FAA's that airlines interpret regulatory 
requirements and establish maintenance programs and procedures. Each inspector 
appears to exercise some autonomy in the interpretation of the FAR's or AC's 
which, in many instances, serves well with the airlines as airlines are very 
sensitive to any move which would confine the maintenance to one particular 
method. 

Although the FAA attempts to monitor regulatory compliance, it is impractical 
to monitor all activities of an airline. To facilitate this problem, airlines 
often act as an arm of the FAA in sharing the inspection and monitoring 
responsibilities. A good example of this Is the fact that United Airlines 
Maintenance and Operations Center, at San Francisco, is a qualified Designated 
Alteration Station (DAS), meaning that it is authorized by the FAA to issue 
Supplementary Type Certificates (STC's) based on its engineering modification, 
and Inspection capabilities. 

Because of the nature of the air transport business, safety has always been 
the utmost corporate goal. Whatever maintenance action is required, if it is 
safety related, it will be done. Having accomplished that primary objective, 


ORIGINAL PAGE IS 
OP POOR QUALITY 


241 


ENfUN-KKRINt- OEPARTMENT 


III/ 

uniTED AiRLines 


ui:i>OBT F-1806 datu2-1/ >: 
PA or. 7 


other maintenance actions ma^' follow based on the "philosophy" that the purpose 
of maintenance is to provide reliable departure and arrival schedules with a 
minimum amount of mechanical irregularities in the most economical manner. This 
process involves close examination of past experience both in- terms of hardware 
reliability and maintenance cost. The DC-8 aircraft when first introduced in 
1959 was being overhauled every 2500 hours. Today, the same aircraft iias an 
overhaul period of 25000 hours. Similarly, the first 727 aircraft had an overhaul 
period of 3000 hours in 1964. This has expanded over the years to 20,000 hours. 

A new concept of dividing the overhaul activities into smaller segments at short 
intervals has also emerged and become an important part of the cost effective 
maintenance at United. 

Ti:e overall philosophy of United maintenance is reflected by a set of unique 
maintenance programs developed at United and will be explained later. Although 
cost effectiveness, after safety, is basic to all maintenance decision making, 
one important consideration is that United strives to be the industry leader in 
achieving hign quality maintenance. Generally speaking, a demand for a high level 
of performance from the equipment United operates calls for tighter tolerances in 
shop specifications. This voluntary restriction is evident in many areas: 
Accelerometers are tested in four different positions instead of two. Capacitors 
discharge are monitored at more .frequent intervals that what manufacturers call 
for, etc. 

In addition to the FAR's and AC's there are other documents that provide specific 
information and limitations necessary for establishment of appropriate maintenance 
programs. These documents are: 

Type Certificate Data Sheet (FAA publication) 

Prescribes conditions and limitations under which aircraft meet the air- 
worthiness requirements of the FAR's. May Include total time limits on 
certain aircraft components. 

Maintenance Review Board Document (FAA) 

Defines the initial maintenance program for new aircraft. Includes a’l initial 
overhaul time limits except those contained in the Type Certificate Data Sheet. 

Airworthiness Directive (FAA) 

Provides the specifications and timetable for correcting conditions which 
may affect the airworthiness of aircraft, 

Service Bulletin (Manufacturer) 

Provides specifications and procedures for modifying hardware to correct 
defects or Improve reliability. 

Manufacturers Manual (Manufacturer) 

Provides description, operation and maintenance Instructions for a particular 
aircraft or component. 
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Industry Performance Report (ATA) 

Describes the airlines experience concerning aircraft systems, components 
and engines. Typical of these reports, generated within the industry, are 
the Mechanical Reliability Reports and Mechanical Interruption Sunmary. 

6. MAINTENANCE PROGRAM S 

It appears to be beyond the scope of this report to describe all the programs 
currently implemented at United; however, the following brief description of 
six key programs may serve as an overview. 

A. Initial Maintenance Program 

Preliminary maintenance program developed by airlines in collaboration 
with the airframe and engine manufacturers and approved by the Maintenance 
Review Board (MRB) which is composed of FAA inspectors. Projected 
reliability data supplied by airframe manufacturers is used to calculate 
spares requirements during this phase. 

B. Airframe Maintenance Program 

Scheduled, routine maintenance of aircraft at intervals established jointly 
by United and the FAA. The Line Maintenance Manual specifies current 
times between maintenance checks and stations qualified to perform 
scheduled tasks. The FAA approved frequencies for 747 now are: 

“A" Check 125 Hr (Maximum time between checks) 

"B- Check 900 Hr 
"C“ Check 3600 Hr 

Many airborne system and components that require periodic inspection or 
testing are inspected or tested at above intervals or their multiples 
Because of different skill levels, "A" checKs for 747 are currently 
performed at HNL, JFK, LAX, ORD and SFO while "C" checks are performed 
at SFO only. 

C. Airframe Structures Maintenance Program 

Utilizing sampling and inspection, it provides continuing knowledge of 
structural conditions and the means of detecting signs of trouble at 
an early stage. 

0. Powerplant Maintenance Program 

Detailed scheduled maintenance requirements of the basic engine and 
description of the reliability analysis required to support the program. 

E . Airframe and Powerplant Component s Maintenance Program 


Routine maintenance of aircraft and engine components. One unique concept- 
Ui this program is called LIBRA. LIBRA is an FAA approved maintenance 
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iiranagement technique. Under provisions of the LIBRA, United may vary 
overhaul or Inspection intervals without FAA approval lr there is no 
change in the component maintenance process (Condition Monitor, On 
Condition, Hard Time), The concept covered by LIbRA Is important in 
tnat all avionic components are affected by this. Therefore, LIBRA 
will be described in detail in the next chapter. 

F. Change Order Authorization (CQA) 

Conversion of Airwothiness Directives, Service Bulletins, or UA 
engineering originated modification into accomplishment instructions. 

7 . LIB RA MAIN TE NANCE MANAGEMENT 

As discussed above, the backbone of the airframe and powerplant components 
maintenance is called LIBRA, an acronym for Logical Information Based on 
Reliability Analysis. 

Three Trimary Maintenance Processes 

LIBRA identifies that there are three types ot maintenance; i.e. Hard Time, 
On Condition, and Condition Monitored. Most components fit a single primary 
maintenance process. 
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Historicallys tne concept of maintenance progressed, in a clockwise 
direction, from Hard Time to On Condition to Condition Monitored. 

This evaluation can be closely tied with technological innovations 
as each new concept was needed to deal with new hardware installed 
in aircraft. For example, there is no merit in overhauling solid 
state devices at fixed intervals as the failure pattern of these items 
is not as time dependent as the failure patterns of bearings or pulleys. 

The explanation of each of the three primary maintenance processes is 
as follows: 

A. Hard Time Maintenance 


WJ 
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The concept of hard time maintenance has been In existence since the 
beginning of the century. It is based on the theory that 1) Mechanical 
parts wear out 2 ) wear outs cause failures 3) failures degrade safety. 

The solution, therefore, is to overhaul the mechanical parts at pre- 
determined intervals, hence the term hard time maintenance. Specifically, 
under LIBRA, units are assigned to hard time maintenance if: 

1) The failure of the units has a direct adverse effect on airworthiness 
and engineering judgement indicates that the units are subject to 
wear out, or 

2) There is evidence from real and applicable data that a wear out zone 
exists and that a sufficient number of units survive to the wear out 
zone to make a hard time limit economically desirable. 

3) There is a hidden function that cannot be checked while the unit is 
installed in the aircraft. 

Under this concept, units must be removed from service before they exceed 
the specific limit (e.g. certain flight hours, number of landings or 
take-off's). They are returned to zero TSO (Time Since Overhaul) by 
accomplishment of the specified overhaul. 

B. On-Condition Maintenance 

In the mid 50’s, the original theory used for the hard time maintenance 
evolved to describe a new concept called on-condition maintenance which 
Is based on a theory that, in some cases, 1n-posit1on inspection can 
intercept potential failures. Thus, on-condition maintenance requires 
repetitive Inspections or tests to determine condition. To be sufficient 
for on-condition, the test and inspections must provide reasonable 
assurance that the unit will continue to operate satisfactorily until 
the next scheduled Inspection. If there is no physical test or inspection 
for determining the level of failure resistance of a unit, then an on- 
condition program is Impossible and Is not an alternative. If the units 
exhibits no adverse age-reliability relationship, then regardless of how 
low a hard time limit is established, the reliability of the unit will 
not be improved. For such a unit, Condition Monitoring is the only 
feasible maintenance process. 
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C. CoTidition Monitoring Program 

Although the concept of condition monitoring has been in existence since 
1960, the scheduled overhaul (hardtime maintenance) and on-condition 
maintenance have been the only formally recognized primary orocesses of 
reliability management. The maintenance program for the 74/ ileet gave 
formal recognition to the condition monjtoring. The goal of Condition 
Monitoring is to obtain information from operations in a way that 
experience has shown is effective at United Airlines, Thus, condition 
monitoring consists of data collection and data analysis systems which 
portray information upon which judgements relative to the safe condition 
of the airplane can be made. 

Under LIBRA, the following performance measures are the basic elements 
of the condition monitoring program: 

1. Unscheduled removals 
?. Confirmed removals 

3. Deficiencies observed and corrected 

4. Pilot reports 

5. Sample inspection 

6. Functional checks 

7. Shop findings 

8. Bench checks 

9. Mechanical Reliability Reports 

10. Mechanical Irregularity Summary 

D. Avionics Systems and Condition Monitori ng 

Most present day avionics systems are free of mechanical component- which 
exhibit age-reliability relationships. Thus, practically all avionic 
components are maintained under the Condition Monitoring program of LIBRA. 

One of the requirements developed for System lest under the ARCS contract 
was that autoland system reliability should not be predicated upori routine 
maintenance such as a pre-flight test. The LIBRA concept is the under- 
lying reason for this requirement. Furthermore, any additional routine 
test, no matter how short, would impact the total maintenance cost. 

8. CATEGORY II MAINTENANCE PROGRAM 


A specific operation such as Category II (CAT II) operation serves to illustrate 
the interface between the airline and the FAA. To begin with the airborne 
system must be certified. Normally, this comes with the aircraft at time of 
purchase. Secondly, pilots must be trained and be qualified. Finally, 
airlines must prove that the level of maintenance is adequate to support the 
CAT II operation. In other words, the fact that CAT II certification was 
obtained for a certain AFCS does not mean that airlines can operate it in CAT II 
weather. This point Is often misunderstood by many designers. To be 
successful, manufacturers must support airlines by providing adequate 
maintenance tools and procedures. The present CAT II operation Is based on 
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the regulatory guidelines In AC120-29, Certification for Approving Category I 
and Category II Landing Minima for FAR 121 Operators.. ^ 9 V 1 

The CAT II maintenance certification process consists of establishing a 
^^tain ng approval from the local FAA inspector. A typical 
progrflm dt Unitsd includss ths ■followiri 9 stGpsr 

1} Define and describe system components and system operation. 

Z) Define methods and standards by which components are to be overhauled 
by various shops. 

level^^^*^ methods of supporting the system at the line station 


4 ) 


pl^sonnel training required to qualify CAT II maintenance 


dpcribed above, the methods of line station support (third 

which wil?'"affpJrthr it is the single most important item 

which will affect the maintenance actions and, therefore, the maintenance cost. 

slnt^n□^bp page Is a typical maintenance flow chart repre- 

iss cr-' 

were aevoted to this task before the program was approved by the FAA. 

fSr^aSo^oIch/S of testione for cruise modes and the other 

the "CAT II TEST” th‘ n the latter when we speak of 

AFCS's conLin^Inm! compcnents of the contemporary 

used orSSeJli th^R^T^ If designed and 

E^fbeerL? IT, ““ SrSEEKt r, 

P ormea to assure over-all system integrity and prooer interfarp with nov-i 
Pheral sensors that provide inputs to the ms interface with perl- 

/n'lrVf’ classroom training as .ell as the practical traininn 

(OJT) to monitor the skill level of personnel and adequacy of procedures ^ 

^PP'^oved, performance data collection becomes an important 
HivL+I engineering activity. The data source is the autopilot/fl ight 

flight log sheet where pilots are requested to report 
iiSp^t number. RVR. disconnect altitude, and perfoEmance 

iSS oJ page 14^°''^ unsatisfactory). A sample flight log sheet (Figure II) 
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FLT MALFUNCTION REPORTED 





INTERPRET LOG ENTUY 



IDENTIFY AFFECTED SYSTBK, 
COHFONENT, CHANNEL OR FUNCTION 


IS THERE TIKE TO TAKE 
MAINTERAHCE ACTICM7 


NO 


YES 


IS SPARE available? 


REPLACE FAULTY LRU 

1 

YES NO 

— 1 

DEFER FIX 

AND TEST NEW LRU 



i 


VERIFY THAT NEW LRU 
CORRECTED FALFUNCTIOH 


IS CAT II STATUS AFFECTED? 


DOES THIS REPLACEMENT 
REQUIRE SYSTEM TEST 
FOR CAT II? 


REMOVE SYSTEM 
OR A/C FROM 
CAT II STATUS 


YES MO 


FIX DEFERRED 
UNTIL NEXT 
AVAILABLE 
MAINTENANCE 


SIGM OFF 

1 

YES 1 

I ad 

IS THERE ENOUGH TIME, SKILL (CAT II 

1'^ W 



QUALIFIED MECHANIC) AND G8E AVAILABLE ? 


DEFER CAT II TEST 
UNTIL NEXT AVAILABLE 
MAIOTENANCE 


NO 


YES 


PERFORM CAT II 
TEST & SIGN OFF 
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CAPT {PniNTI 

' CAPTAii^_ 

SECONOOfP (PRINTI 


. IS^I 

j«uunuuhF (PRINTI iA ]"5-c 


B)756-33 


FLIGHT CREW MAKE ENTRlI/S INDICATE WOR> 
IN WHITE AREA ' 


UNITED AIR LINES 

AIRPLANE 
FLIGHT LOG 

SEE UALMM 7 0 



. kOtPPlLOT 
AT 1L5 k^fkokc^ 



PLIGHT CRKH EXPLAHATION OF 
UHSATISFACTORY APPROACH 


! > 

c 


AUTOPILOT AND FLIGHT DIRBCTOR 
APPROACH PERFORMANCE 


^ CORRECTIVE ACTION 

. ^ PltCH 

,5/fowa, A/e^CjOw RghAcfb 
C-OHf vT9fi uTars Ofi 
H/ith A^eu' .C ca/wf^A , 


*Built-ln-Test Equipment 

CORRECTIVE MAINTENANCE 
ACTION 
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9. airborne equipment requirement for cat II OPERATION 

Advisory Circular 120-29 (Ref: Attachment I) defines the minimum equipment 

for CAT II operation to be as follows: 


1. 

2 . 

3. 


4. 


5. 

6. 


7. 


Instrument Failure Warning System. 

Dual ILS and Glideslope Receivers. . , , „ . n .su 

Single Flight Director with Dual Displays and Single Automatic Approach 
Coupler or two independent Flight Director Systems. 

Equipment for identification of Decision Height (can be Radar Altimeter 
or Inner Marker). 

Hissed approach attitude guidance (can be attitude gyros with calibrated 
pitch markings or Flight Director Comnand, or computed pitch command.) 
Autothrottle System (required if operation based on dual rlight directors), 
also required any aircraft using split axis couplers if applicant cannot 
show that it does not significantly reduce pilot workload. 

Rain Removal Equipment 


In addition. United MEL specifies the following systems/components/f unctions 
to be a part of the total CAT II equipment: 


1. Control wheel disengage switch. 

2. Disengage lights. 

3. Approach Progress Display Annunciator 

4. Marker System. 

5. Heading function of INS. 

6. Attitude function of INS 

7. Rising Runway Display in ADI 


United has traditionally elected to use the autopilot as a primary, and the 
Flight Director as a monitoring means for the ILS approach/landing. Thus, 
the autothrottle system is not required for CAT II at United. 


The B-747 AFCS is unique in 
CAl II approach with weather 
height. 


that dual channel autoland is required for i 
minima of 1200 feet RVR and 100 feet decision 


The FAA Operations Specifications limits 747 lower weather operations as follows 


HINIHUMS 


FLIGHT CONTROL GUIDANCE EQUIPMENT 


FROM 1600 FEET RVR, 
DH150 DOWN TO 
1200 FEET RVR DH 100. 


DUAL CHANNEL AUTOMATIC LANDING 
SYSTEM MUST BE USED THROUGHOUT 
APPROACH AND LANDING. 


FROM 2000 fEET RVR, 
DH 200 DOWN TO 1600 
FEET RVR, OH 150. 


SINGLE CHANNEL AUTOPILOT WITH 
FLIGHT DIRECTOR MONITOR. 
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At United, 1200 feet RVR and 100 feet DH is referred to as "Full CAT 11" and 
1500 feet RVR and 150 feet DH as “Restricted CAT 11", for convenience. How 
these tw*o sets of CAT II minima effects dispatch requirements is fully coven-d 
by the Minimum Equipment List which will be described below. 

10. MINIMUM EQUIPMENT LIST 


The Minimum Equipment List (MEL), as the name implies, is a list of minimum 
airborne equipment required for an aircraft to continue with safe flight. 

This list, originally prepared by the airframe manufacturer and approved by 
the FAA, is continually revised by the airline-to reflect the operating 
environment. 

As a general policy, it is intended that the MEL be used to continue operation 
of an airplane until maintenance can be accomplished. Every deferred item 
will be corrected as soon as possible consistent with the availability of 
parts, manpower and adequate ground time. 

Whenever an airplane is reported to have a malfunction which cannot be corrected 
clue to unavailability of any of the items above, a determination must be made 
as to the airworthiness of the airplane for continued service, This will be 
done first at station level by the use of MEL. If any maintenance action is 
to be deferred, a proper authorization by a local Foreman is needed. For 
those items requiring higher authorization, the System Maintenance Controller's 
permission is needed. The System Maintenance Controller possesses the final 
decision power concerning the dispatchability of the aircraft. 

It is not uncommon, however, that pilots refuse to accept an airplane which 
has been determined to be airworthy by the controller. In this regard, 
pilots have the ultimate responsibility. 

When an agreement is reached that the airplane will be flown with an inoperative 
unit or system, a deferred Item is initiated to ensure correction of the 
discrepancy at the earliest possible time. As an example, the first page of 
the MEL covering Chapter 22 Autoflight is shown cn the following page. Ihe 
first column describes sytem and component. The second cclumn, STD EQUIP 
identifies total number of system or components installed, followed by the 
column specifying minimum requirement. The number in this column is often 
followed by a letter vjhich corresponds to further explanation in the Supplemental 
Procedures Column. The next two columns pertain to Handling of partially ot 
completely inoperative systems. 

Thus, the sample MEL for autopilot system Indicates that; there are two 
systems installed, none of which is required for dispatch but certain 
procedure "A" is to be followed,"#" Indicates that the system affects the 
conduct of next flight and local dispatch is to be advised. @ denotes AFPAM, 
or Automatic Flight Planning and Monitoring, meaning that an entry into the 
AFPAM system Is required. This automated system allows dispatche>' to monitor 
selected items which restrict flight capabilities and routings. An example 
of AFPAM display is shown in Attachment II. The column under DEF AUTH indicates 
that System Maintenance Controller must authorize deferral. For items of lesser 
importance, "f" or the local Foreman is designated as an authority. 
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B-747 


SUPPLEMENTX1. PROCEDURES 


22 AL’TOFLIGHT 
Autopilot Systems 

FliRht Director System 


2 OA # c A. REQUIREMENTS 

g (1) There are three channels designated as 

3 OA # c follows: 

d Channel A - Autopilot/Flight Director 

Channel B - Autopilot/Flight Director 
Channel C - Flight Director Only • 


(2) Tu maintain full Category II status down to 
1200 ft. RVR Dll 100, the dual channel 
automatic land mode must be operative. 

(a) If the Channel C Flight Director is 

inoperative. 

1) Trip the "C" channel Pitch and Roll 
DC circuit breakers on P7 panel. 

Safety circuit breaker per 
GN/MM- 1-0- 12-7. 

2) Place placard on mode select panel 
stating:" CHANNEL C INOP. " 

NOTE; Auto throttle not required for 
Category n status. Refer to 
Auto Throttle requirement in 
tnls chapter when inoperative. 

(3) To maintain Restricted Caiegory H status down 
to 1600 ft. RVR DH 150, a single channel 
Autopilot/ Flight Director (A or B) and C 
channel Flight Director must be operative In 
tho ILS mode. 

(a) If either A or B inoperative: 

1) Trip affected Pitch DC circuit breaker 
on P7 panel. Safety circuit breaker per 
GN/MM-1-0-27-7. 

2) Remove aircraft from full Category II 
status. Select proper restricted 
Category II atalua placard. Refer to 
Special Procedure #l in 5-6-2-22. • 




MAINTENANCE MANUAL 
MEL - AUTOFLIGHT 
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II CAT II MAINTENANCE REQUIREMENTS 

Earlier, in the Category II Maintenance Program discussion, the process of 
obtaining FAA approval of the maintenance program was described. This section 
describes the detailed requirements under the 747 CAT II Maintenance Program. 

It should be noted that the requirements covereOere are strictly for 747 
fleet. Not only do the CAT II programs differ among airlines, but the difference 
also exists among fleets at an airline. 

Simply stated, the CAT II maintenance consists of: 

1. System/Component test when a malfunction is reported. 

2. Identification and replacement of a faulty unit. 

3. Verification test. 

4. CAT II status annunciation by placards. 

It should be noted that the above actions are taken only upon receipt of a 
malfunction report. There is no periodic test required under the present 
program. 

Basic to CAT II maintenance is that both stations and personnel must be 
qualified to perform any CAT II related maintenance actions. Once the aircraft 
or system is taken out of CAT II status, only those qualified can restore the 
status. There is a minimum amount of testing needed to assure the integrity 
of the system and its availability. Components and systems that must be tested 
by CAT II qualified personnel are: 

1. Pitch Computer 

2. Roll Computer 

3. Monitor and Logic Unit 

4. Mode Selector Panel 

5. Accessory boxes 

6. Accelerometer 

7. Automatic Stabilizer Trim Unit 

8. Stabilizer Trim Interface Unit 

9. Central Control Actuator, or Inboard Elevator Control Unit, or any 
components of these units. 

With the exception of Items 4,5 and 8, tests required for the above units are based 
primarily on BITE, provided that a malfunction reported is not related to land 
functions. If the malfunction is in the land mode (dual channel mode), the 
system must pass an operational test which simulates an ILS approach with 
artificial radio altitudes and ILS signals. 

There are other systems and components that supply inputs to the AFC5 but are 
not actually a part of the AFCS. Maintenance of these systems does not require 
the use of CAT II qualified personnel as long as the malfunction is not related 
to CAT II performance. Equipment in this category is: 
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1. VOR/ILS Receivers 

2. Radio Altimeters 

3. Central Air Data Computers 

4. Marker Beacon Receivers . , 

5. IHS Systems (INS qualified personnel are required) 

6. Windshield Wipers and Rain Repellent 

As stated above, placarding of CAT II system status is one of the requirements 

by the AC 120-29. The method used at United is a set of rectangular placards, 

approximately 1" x 2" in size, which read: 

1) (Gray) - this airplane is equipped to operate to Category II minimums 
of RVR 1200 DH 100. Use dual autoland mode. 

2) (Yellow) - this airplane is equipped to operate to Category II minimums 
of RVR 1600 DH 150. Use channel A A/P and C F/D. 

3) (Yellow) - this airplane is equipped to operate to Category II minimums 
of RVR 1600 DH 150. Use channel B A/P and C F/D. 

4) (Black) - this airplane is NOT in Category II status. Refer to Minimum 
Equipment List and deferred section of Logbook, 

In the course of the CAT II maintenance, CAT II personnel are faced with answerir; 
questions such as; 

1) Does the malfunction require a CAT II test? If so how much testing is 
required? 


2) If deferred, will it affect CAT II status? 

Knowledge required to answer these questions appears to be fundamental, yet 
sometimes confusion is created due to the complexity of the contemporary AFCS. 
To illustrate the point, the following is given as an example: If one of the 

two autopilot channels becomes "inoperative*- , the status must be changed from 
Full CAT II to Restricted CAT II. Obviously, the system may be malfunctioning 
only in certain mode of operation and the problem may be quite isolated from 
the ILS or autoland mode. Failure of a sensor not Involved In the ILS or 
autoland mode is one example. Some part of the Altitude Hold function may share 
the same circuits with autoland function, while failure of the cruise mode gam 
compensation by airspeed has no effect on the autoland. Clearly, the MEL 
cannot provide answers under all circumstances. 
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12. LINE MAINTENANCE STATIONS 

Of approximately 114 cities United seryes, 747 fly into and out of the 12 
cities as listed in Table I. Although these 747 stations are relatively 
major ones compared to numerous regional stations such as Fresno or South 
Bend, they do not all have the same level of maintenance capability. Each 
station is assigned one of the three levels of classification (prime, service, 
and support) based on the need and economic, justification. The explanation 
of each level is as follows: 

Prime - Fix all discrepancies 

Service - Fix dispatch required items, perform periodic maintenance such as 
an "A" check, plus other specialized work instructed by the 
Operations Center 

Support - Fix dispatch required items. Normally support stations are equipped 
to do bare minimum work just to "get the plane out of town". 

The Table also identifies those stations that are qualified to do CAT II 
maintenance and INS maintenance both of which require specially trained 
personnel 

Stations usually plan to work dispatch critical items and MEL flight restrictive 
items first and perform other work consistent with the availability of time, 
manpower, parts in stock, tools, and skills. 

13. 747 ROUTE STRUCTURE 


Dependency of a maintenance program upon the frequency of service and availability 
of spare parts and maintenance skill level has already been discussed. Another 
interesting point is that the reliability of muph avionics hardware is 
proportionally related to average trip length. These facts make it almost 
mandatory to examine route structures before any comparison study is made, 
whether in terms of cost-of-ownership or reliability. 

What follows is a presentation of route structure for United’s 747 fleet. 

Due to seasonal demand, the schedule varies from time to time. This study 
covers spring to summer season of 1976. 

On any given day, each of the fleet of 18 747's is flying a segment of the 
basic pattern as shown in Table II. If there are no schedule changes due 
to mechanical irregularities, every aircraft will eventually complete the 
basic pattern which starts at SFO and returns to SFO every 18 dajfs. 

On a map, the pattern looks like FigurelV. Table III on the following page 
shows the air miles and typical flying time between city pairs. Average 
flight time, from Table III, is 4 hours and 33 minutes. Between flights, 'the 
747 stays an average of 5 hours and 54 minutes on the ground. The flying 
time shown is block time; that is, gate departure to gate arrival. 
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station code 

CLE 


EWR 


JFK 


PIT 


DEN 


ORD 


HNL 


LAX 


SEA 


SFO 


LAS 


classificatTM 


Support 


Support 


Prime 


Support 


Service 


Service 


Prime 


Prime 


Support 


Prime 


None (Served by LAX) 


ITO 


None (Served by HNL) 
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7A7 ROUTE MTTERH 


On any given day, each of the fleet of 18 747» lo flying & segment 
of the following basic pattern. If there is no schedule changes 
due to mechanical irregularities, every aircraft will eventually 


complete 

the basic 

pattern which atarta 

at SFO and retuma 

to SFO 

every 18 days. 




n.T 

5lTA 

FLT TIME 

GRD TIME 




(HIN) 

(MIN) 



SFO 




34 

EWR 

305 

730 


35 

SFO 

335 

85 


35 

HNL 

305 

175 


9<}2 

ORD 

A 80 

150 


723 

LAS 

215 

85 


?18 

ORD 

205 

60 


218 

CLE 

72 

648 


953 

ORD 

77 

78 


953 

HML 

525 

150 


990 

ORD 

480 

440 


993 

HNL 

525 

325 


100 

LAX 

310 

85 


100 

ORD 

225 

125 


111 

LAX 

245 

X070 


197 

ITO 

310 

85 


118 

LAX 

290 

80 


118 

ORD 

220 

90 


IIS 

PIT 

81 

89 


107 

ORD 

83 

77 


107 

LAX 

250 

1100 


191 

HNL 

325 

85 


96 

SFO 

290 

785 


126 

ORD 

240 

130 


157 

SEA 

245 

685 


lAO 

ORD 

215 

130 


129 

SFO 

255 

80 


129 

HNL 

305 

105 


22 

SFO 

290 

125 


181 

HNL 

305 

85 


19A 

LAX 

3X0 

725 


6 

JFK 

310 

1145 


5 

IJIX 

325 

95 


5 

HNI. 

325 

875 


llA 

LAX 

315 

65 


llA 

DEN 

122 

458 
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DEN 
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Table IV 1s another way of showing the dally departure schedule. As indicated 
In this Table, 747s operate most frequently In and out of HNL, LAX, SFO and ORD. 

For the 12 month study period, between July '75 and June '76, the 747 fleet 
accumulated 53,808 flying hours, with each airplane flying 8 hours and 10 minutes 
per day on the average, as shown in Table V. The fleet accumulated 13,304 
departures, or 2.02 daily departures per aircraft. The average flying time 
per departure was 4 hours and 2 minutes (not bl^ck time, but take-off to 
touch -’own). 
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747 FLYING HOURS & DEPARTURES 


MONTH FLEET A/C DAYS 


Jul 75 

558 

Aug 

558 

Sep 

540 

Oct 

558 

Nov 

540 

Dec 

558 

Jan 76 

558 

Feb 

522 

Mir 

558 

Apr 

540 

May 

558 

Jun 

540 


FLEET TIME-IN- 
SERVICE (HRS) 

DAILY 
A/C UTILIZ 

5318 

V:32 

5278 

y;27 

4440 

8:13 

4605 

8:15 

4428 

8:12 

2183 

3:55 

4494 

8:03 

4141 

7:59 

4532 

8:07 

4503 

8:20 

4833 

8:40 

5048 

9:21 



FLT HR PER 

departures 

DEPARTURE 

1315 

4:02 

1309 

4:02 

1099 

4:02 

1144 

4:02 

1100 

4:02 

545 

4:01 

1109 

4:03 

1045 

3:58 

1140 

3:59 

1113 

4:03 

1208 

4:00 

1177 

4:17 


f ■ , 

TOTAL; 5380^ 


8:10 13304 4;02 

' 


(Average Daily Departiirea/ A/C - 2.02) 
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14. MAINTENANCE ASSESSMENT 

The objective of this section is to describe the method used to collect 
maintenance parameters and to present the result of the data collection 
relative to: 

. Maintenance Time Characteristics 
. Line Maintenance Labor 
. Shop Maintenance Labor/Materials 
. Spare Equipment 
. Schedule Irregularity 
. CAT II Availability 

To understand how data is transmitted at United, it may be helpful to review 
the general means of communication between various organizations. Figure V 
shows that, starting from flight crew, data flows via the flight log sheet 
to the line maintenance crew. The line crew, after replacement of repairable 
equipment, communicates to the shop maintenance crew via the Inspection and 
Repair (I&R) tag, which is attached to each unit returning to its home repair 
shop. Engineers function as a quarterback in this process, directly 
communicating with other segments of the maintenance organization. 

The flight log sheet, as shown earlier, contains following AFCS related data: 

. In-flight malfunction (system, channel, mode) 

. CAT II data (runway, RVR, disconnect alt) 

. Time Since Overhaul (TSO) - of aircraft 
. Flight number, date 

When the aircraft is turned over to line maintenance crew, the following 
data may be added: 

. Maintenance actions 
. Deferred maintenance code 
. Maintenance station code 

When the shop repair/overhaul is completed, the following items Will be added 
before the tag is sent to central files. 

. Shop finding, failed test number, failed component parts, etc. 

. Verification of line maintenance action. 

When a unit is overhauled (i.e., tested per applicable document) a fresh 
I&R tag is attached to the unit. When the unit is Installed in the aircraft 
the tag is transferred to the replaced unit and returned to the shop with 
data described above. 

The bulk of data collected for this study comes from the two primary data 
sources mentioned above. Other sources are: Line maintenance labor record 

(9 Digit ATA Line Maintenance Summary (Ref. Attachment III) which keeps the 
line station labor expenditure fay aircraft, date, time, station and ATA 
Chapter; 'hop Maintenance Cost Summary which keeps an accounting of labor and 
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material eApendlture by unit, and the Mechanical Irregularity Report. 

The data collection involved a review of 10,500 log sheets , ,1 ,020 I&R tags, 

12 cartridges of microfilm (for line labor), covering the 12 months from 
July '75 to June '76, Two record keeping forms have been developed to 
record all the data collected from the log sheets and I&R tags. These forms 
are shown in Figure VI. 

Explanation of each column on the Aircraft History form, from left to right: 
Data line number, aircraft number, date, aircraft flight time since last 
overhaul, maintenance station, AFCS related or non-AFCS related equipment, 
maintenance action, engineering judgement as to validity of maintenance 
action (problem corrected - yes or no), manhour spent on the problem, line 
replaced unit, CAT II availability and CAT II performance parameters including 
pilot judgement (satisfactory or unsatisfactory). 

Explanation of each column, from left to right, on the Unit Removal History: 
Data lire number, aircraft number, aircraft TSO, date, station, description 
of in-flight problem and results of ground tests, position of the replaced 
unit (systefi, 1, system 2, etc), corresponding line from Aircraft History 
form, shop finding, veri^cation of removal reason (yes or no), other 
failures not related to removal reason found in shop (yes or no), serial 
number of newly installed (on) and removed (off) units, additional comments. 
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A . Maintenance Time Characteristi c 

The maintenance flowchart and MEL showed that, depending on the nature 
of the in-flight malfunction, a CAT II operational test may or may not 
be required. Cruise mode problems, such as HEADING SEIECT or ALTITUDE 
HOLD mode anomal ies, for example, do not usually require any more testing 
than BITE. Thus, maintenance actions may last as short as a few minutes 
of BITE to as long as several hours of BITE, operational tests, unit 
replacement and final verification tests. Typically speaking, however, 
composition of line maintenance action is as follows: 

LINE MAINTENANCE TEST TIME 


BITE TEST TIME (INCLUDE ACCESS) 20 MIN 
WAIT TIME FOR REPLACEMENT 45 - 75 MIN 
TEST EQUIPMENT SETUP 15 MIN 
CAT II AUTOLAND TEST 30 MIN 
CLEAN-UP AND RETURN TO NORMAL 15 MIN 


WITH AUTOLAND TEST 2:05-2:35 
WITHOUT AUTOLAND TEST 1:20-1:50 

These figures indicate that the reduction of BITE testing time alone 
does not significantly affect the total maintenance time. Quality of 
BITE, however, does contribute to a great extent as it would eliminate 
a need for additional tests. 

FIGURE VII shows a distribution of line maintenance manhours charged 
against ATA Chapter 22, Autoflight. The distribution curve, plotted 
in 30 minute increments, reflects the typical line maintenance time 
as described above. It is evident that those problems that cannot be 
solved by routine maintenance require extensive troubleshooting, such 
as aircraft on wiring check, accumulating as long as 16 hours of line 
time. 

B. Line Maintenance Manhours 

ATA Chapter 22 covers only one system - autoflight. This makes it 
relatively simple to monitor the AFCS labor costs. However, Chapter 
22 is limited in that it includes only the major AFCS computers and 
dedicated sensors. Those shared sensors that are not strictly AFCS 
components are in Chapters other than 22. Servo components fall under 
Chapter 27. The shared sensors are normally covered by ATA Chapter 34. 

At United, Navigation units/systems are classified into UA's own codes. 
Chapters 40 through 43 in lieu of 34. Classification of the UA designated 
chapters is shown in ATTACHMENT IV. 
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Unfortunately the present accounting system does not breakdown the line 
maintenance labor expenditure by component. Therefore, the data shown in 
Table VI does not give a clear picture of total AFCS cost, as far as shared 
sensors and servos are concerned. 

C. Shop Maintenance Labor and Materia l 

Unlike line maintenance cost, shop labor and material expenditures are closely 
monitored by individual unit type {Ref. Attachment V). Table VII shows a 
summary of 12 months removal and failure of AFCS computers, servos and shared 
sensors. "Verified Removals" mean that shop findings matched the removal 
reasons. Other failures found in shop but not matched against the removal 
reasons are included in the "Total Failures" column, from which Mean Time 
Between Failures (HTBF) are computed. The formula for HTBF computation is 
a standard method commonly used by the industry: 

Unit Flying Hours 
MTBF = Number of failures 

Shop maintenance costs associated with these removals are shown in Table VIII. 
Total shop cost is a sum of total labor cost and total material cost. The 
cost is shown in direct labor cost and does not include overhead. This 
table does not include Automatic Test Equipment (ATE) cost, which will be 
treated separately. The costs for shared sensors (INS computer, CADC, 

Radio Altimeter, ILS/NAV receiver, compass coupler and ADI) are based on 
total shop transactions. Each removal reason for these sensors has been 
further examined in order to arrive at AFCS related costs. Table IX is an 
an attempt to compute the portion of the total shared sensor costs attributable 
to the AFCS. 

During the period that this study covered, there were seven AFCS related 
airborne equipments that were tested on ATE. These seven units and 
associated ATE costs are shown in Table X. In this table the second column 
shows average ATE time per test. Due to troubleshooting and repair while 
the unit is on the ATE, it usually takes twice as long on the ATE. Thus, 
pitch computer ATE time is 5 hours, on the average, per removal. The total 
ATE hour column reflects this. 
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LIKE MAIKTEKAKCE HAH HOUR 


ATA CHAPT. 

22 

27 

41 

42 

^ i 

MOUTH ^ 

EVEHT 

HR 



EVERT 

HR 

EVENT 

HR 

EVENT 

Bi 

EVENT 

HR 

JULY 75 

147 


135 

266 

1B6 

190 

22 


73 

n 

AUG * 

153 


194 

373 

165 

128 

23 

18 

29 


SEPT 

100 


120 

345 

120 

n4 

18 

12 

51 

71 

OCT 

82 


200 

509 

n7 

108 

15 

35 

30 

25 

H07 

109 

140 

88 

316 

n6 

216 

22 

24 

65 

77 

IftC * 

50 

6l 

101 

261 

61 

73 

4 

3 

19 

25 

JAH 76 

09 

127 

144 

389 

128 

187 

16 

20 

73 

68 

FEB * 

80 

177 

126 

242 

97 

158 

18 

43. 

18 

15 

MAR 

127 

194 

121 

4o8 

130 

168 

20 

23 

70 

no 

APR * 

' 71 

107 

98 

no 

n8 

172 

3 


18 

17 

MAY 

116 

203 

74 

161 

n? 

153 

12 


70 

72 

jdhe ^ 

55 

67 

76 

173 

102 

101 

4 


19 

21 

TOTAL 

1,149 

1,758 

1,477 

3,553 

1,457 

1,766 

172 

2n 

535 

588 

AVE MH/bVEHT 

1.53 

2. 

+1 

1.21 

1.23 

1.10 



^ For these jaorrths vith asterlslCB, Melnte&aAce Man Hocrs are not rully coded by ATA chapters. 
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UMIT REKOVAL STJWAJIY 


UNIT 

TOTAL 

REMOVALS 

VERIFIED 

REMOVALS 

PITCH COMPUTER 

140 (3 POOL) 

58 

ROLL COMPUTER 

113 (1 POOL) 

58 

YAW COMPUTER 

35 a POOL) 

16 

A/T COMPUTER 

28 

9 

AUTO STAB TRIM 

34 

22 

MONITOR & LOGIC 

51 

15 

MODE SEL PANEL 

50 

18 

CONTROLLER 

10 

2 

TRIM INTERFACE UNIT 

12 

1 

AFC-BOX 1 

3 

1 

AFC-BOX 2 

4 

0 

ACCELEaOMETER 

I 

N/A 

A/T SERVO 

3 

0 

INS COMPUTER 

94 

69 

CADC 

106 (7 POOL) 

37 

RADIO ALT R/T UNIT 

62 

16 

ILS/NAV RECEIVER 

69 

19 

COMPASS coupler 

19 

7 

ADI 

127 

74 


ro 

-J 


total unit 

FAILURES FLYING HOUR 


MTBUR 


HTBF 


a) 


(417.) 

84 

161424 

1153 HR 

1922 

C512;) 

71 

161424 

1429 

2274 

(467.) 

20 

107616 

3075 

5381 

(327.) 

14 

53808 

1922 

3843 

(647) 

25 

53808 

1583 

2152 

(297) 

16 

53808 

1055 

3363 

(367) 

22 

53008 

1076 

2446 

(207) 

4 

53808 

5381 

13452 

(87) 

1 

53808 

4484 

53808 

(337) 

1 

53808 

17963 

53808 

(257) 

0 

53808 

13452 

«K) 



107616 

107616 

N/A 

(07) 

0 

53808 

17956 


(737) 

72 

107616 

1145 

1495 

(357) 

59 

107616 

1015 

1824 

(257) 

23 

107616 

1736 

4679 

(287) 

23 

107616 

1560 

4679 

(377) 

9 

107616 

5664 

11957 

(587) 

80 

107616 

847 

1345 
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SHOP CX 


COMPONENT 

LABOR 

HR/UNIT 

LABOR 
COST /UNIT 

MATERIAL 

COST/FAIL 

PITCH COHPUTER 

10:02 

$ 83.91 

5265.78 

ROLt COMPUTER 

9:37 

86.42 

260,90 

YAW CXJMPUTER 

2:53 

25.69 

6.17 

A/T COMPUTER 

A;54 

41.88 

42.04 

AUTO STAB TRIM 

4?46 

39.62 

159.67 

MONrrOR A LOGIC UNIT 

4:31 

37.96 

213.92 

MODE SEL PNL 

6:47 

58.05 

61.81 

CONTROLLER 

5:00 

41.21 

89.06 

TRIM INTERFACE UNIT 

1:38 

16.71 

0 

AFC-BOX 1 

5:40 

48.15 

0 

AFC-BOX 2 

5:30* 

44.96* 

54.64* 

ACCELEROMETER 

6:00 

53.00 

N/A 

A/T SERVO 

2:20 

20.67 

0 

ms ccacuTER 

21:10 

177.16 

571.90 

CADC 

12:49 

119.04 

53.92 

RADIO ALT R/T UNIT 

5:06 

42.87 

15.98 

ILS/NAV RECEIVER 

3:00 

67.59 

20.90 

COMPASS COUPLER 

4:24 

37.56 

16.44 

ADI 

4:18 

36.18 

20.79 


* Averages baaed on previous experience 
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SHOP COST (DUE TO AFCS RELATED REMOVALS ) 


c 


c 

3 

H 

m 



I” 


D 

m 


UNIT 

AFCS RELATED 
REMOVALS 

VERIFED 

REMOVALS 

(%) 

TOTAL 

LABOR 

TOTAL 

MATERIAL 

TOTAL 

SHOP COST—. 

COST PER 100 
JI.IGHT.ilDURS 

INS COMPUTER 

0 

N/A 

(N/A) 

0 

0 

0 

0 

CADC 

Z1 

3 

(I4S) 

$1,266.78 

$257.95 

$1,524.73 

$1.42 

RADIO ALT 

5 

3 

(60%) 

214.35 

68.91 

2B3.2C 

0.26 

ILS/NAV RCVR 

2 

0 

( OS) 

135.18 

0 

135.18 

0.13 

COMPASS COUPLER 

2 

1 

(50%) 

75.12 

21 .13 

96.25 

0.09 

ADI 

43 

27 

(63%) 

1,555.74 

606.84 

2,162.58 

2.01 


lO 

•~J 

u> 


^ L 

a ^ 

pi. ^b■ 

q ^ 



(U 

o 

cn 



ro 

I 
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COMPONENT 

ATE TIHE/TEST 

PITCH CWPUTER 

2.5 HR 

ROLL COMPUTER 

2.5 

YAH COMPUTER 

0.5 

MONITOR LOGIC UNIT 

0.5 

AOTO STAB TRIM 

0.75 

A/T COMPUTER 

0.5 

Its RECEIVER 

1.25 



TOTAL HOUR COST 


700 

$16,100 

566 

13.018 

36 

828 

52 

1,196 

52 

1,196 

28 

644 

172 

3:956 
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0. Schedule Irregularity 

When airborne system failure results in an interruption of scheduled 
operation, such as delay or cancellation of scheduled flight, additional 
cost would be incurred. An industry survey made in early 1976 shows the 
following delay and cancellation costs for 747 aircraft: 

Cost for typical delay of 40 min: $550 - $1,190 

Cost for cancellation of flight: $1,500 - $5,000 

The composition of these costs includes extra ground transportation, hotel 
and meal accomooations for passengers, overtime pay for maintenance and 
flight crews, etc. In addition, many intangible items such as competitors 
reliability, schedule similarity, load factors, etc. are important factors, 
although difficult to substantiate. All these items have different values 
depending upon the individual case, and the difficulty is evidenced by the 
large spread as shown in the industry survey. At United, costs of flight 
schedule interruptions as cited below are being used only for the purpose 
of engineering work estimates: 

747 delay cost per hour per delay: $ 300 

747 cancellation cost per departure: $3,600 

During the 12 month period, 155 delays were registered against Chapters 22, 
27, 34, 41, 42 and 43. (jee Table XI). Of these, 76 were AFCS related. 

The AFCS caused no cancellation in this period. The delay hours caused 
by the 76 incidents totaled 41 hours and 14 minutes, or an average of 33 
minutes per delay. 


» 


\ 


OEIGINAI, PAGE IS 
OE POOR QUALTPY 


275 



m 

uniTED AiRLines 


TABLE XI 


ENOINEERIHC DEPAinMErfr 


MECHAMICAL IRREGaiARm SIM4ABY 
(7*^7: July 75 - June 76} 


ATA CHAPTER 


P2 


CAT II 

a/p pitch 
a/p roll 

FIT DIR 
YAM DAMP 


YAH DAMP 


OTHERS 


TOTAL 


IMS 

adi/rhy symbol 

HSi/COMPASS 
RADIO ALT 
CADC 
G/S 


SUB TOTAL 


lie 

g/s 

HSl/CCS-tPASS 
ADI/bhy SYMBOL 
RADIO ALT 


SUB TOTAL 


OTHERS 


TOTAL 


g/s 

IMS 


TOTAL 


TOTAL 


TOTAL AFCS RELATED 


TOTAL ALL ITEMS 


TOTAL DELAY 

Oi 

0: 

Oi 

0; 

2l 

:05 

:14 

i57 

1I2 

tl2 

3i 

|l40 


AVE DEI.^Y 


0;32 

0:15 

0:53 

0:03 

0:52 

0:25 

0:35 

0:36 


18:13 

0:33 

0:38 

0:38 

1:05 

1:05 

l:^f3 

0:52 

0:11 

0:U 

0:52 

0:25" 

1:03 

0:21 

41; 14 

0:33 

130:32 

0:51 ' 
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15. 747 ARCS COST SUMMARY 


The cc>ts examined to this point are direct maintenance costs involving 
line and shop labor, material and test eguipment. From a broader viewpoint 
of assessing a total cost of owning the AFCS, other costs such as hardware 
acquisition costs, spares inventory and holding costs, pipeline transportation 
costs, maintenance and flight crew training costs must be taken into 
consideration. A detailed cost-of-ownership computation is out of the scone 
of this study; however, a summary of each item should serve to illustrate 
the magnitude of line and shop cost as compared to the total cost. The 
following cost items are divided into two broad categories: one time costs 
and continuous (annual) costs. 

One Time Costs 


Hardware Acquisition Cost 

Spares Acquisition Cost 

Initial Cost of Maintenance Crew Training 
Initial Cost of Flight Crew Training 


$2,809,399 
$ 867,161 
$ 65,800 


$ 368,520 
$4,110,880 


NOTE: 


Above costs are for ARCS computers, 
the fleet of 18 747s. 


servos and dedicated sensors to support 


Continuing Costs (Annual ) 

Line Maintenance cost (ATA Chapter 22- Includes 

Overhead) 

Shop Labor Cost (Includes Overhead)— - 

Shop Material Cost 

ATE Cost 

Recurrent Training Cost of Maintenance Crew 

Recurrent Training Cost of Flight Crew 

Delay, Cancellation, Substitution Cost 

Spares Holding Cost - 


$ 42,192 
$ 97,225 
$ 51 ,844 
$ 32,982 
$ 6,080 
$ 46,080 
$ IF, 300 
$ 466,760 
$ 755,463 


Due to extremely high cost of AFCS hardware, the spares holding cost dominates 
the annual cost of owning AFCS. When this spares holding cost is excluded 
the next highest cost item is shop related, occupying 63X of the remaining' 
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16 BITE EFFECTIVENESS 


An earlier, ARCS study identified the reliability, or effectiveness of BITE 
as a key design goal for future system test. In contemporary avionics, the 
effectiveness of BITE has been ranging from as low as 30% to a high of 84%. 
The effectiveness of BITE for the 747 AFCS, as shown in Table XII, is better 
than that of any other AFCS's. Yet, half of t;he units listed here average 
around 50% effectiveness. Considering the fact that 50% is the level of pure 
guesswork, it is clear that the BITE needs a drastic improvement. 

17 CAT II AVAILABILITY 


The CAT II system status of each aircraft is displayed by a so 
called "CAT II status placard" installed on Captain’s instrument panel. 

CAT II availability can be assessed by accumulating the number of flying 
hours during which these placards are indicating Full or Restricted CAT II. 
Table XIII shows sample entries as an illustration of the method used. In 
this study, the availabil ity .was judg .!d by three criteria: Reported, Legal 
and Actual. The Reported column shows availability as reported by the line 
maintenance crew. The Legal column is for an engineering judgement, so as 
to correct possible errors in line maintenance actions. Acutal column 
was added to indicate availability of strictly AFCS components, as compared 
to windshield wiper and other non AFCS systems that could cause aircraft to 
be out of CAT II status. R stands for Restricted CAT II and F stands for 
Full CAT II. There are three kinds of entries shown here to illustrate the 
possible differences in reported, legal and actual columns. 

Example 1 Proper correction of in-flight malfunction was made, but line 
maintenance failed to adjust the placard. 

Example 2 Temporary failure. Legally out of CAT II because of testing 
requirements. Actually the system was available. 

Example 3 Testing showed that the system was good - satisfied legal 

requirements. But, fault did exist and was eventually corrected. 

Table XIV and Table XV are summaries of the CAT II availability study. 
Although CAT II system is not dispatch required at this moment, it is 
significant that the CAT II system on 747 is being maintained to consistently 
high levels of availability in all three categories e,Kam1ned. 
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'■ I 


BITE F.FFECnVERESS 


Unit 

Total 

Bite Entry 

Bite Match 
Shc3p Finding (i>) 

Bite Pall 
But Unit OK (^t) 

Bite Pass 
But Unit Bed H) 

Adjusted Bite 
Effectiveness 

Fitch Coinputer 

69 

28 (In?,) 

(359^) 

17 {2h<f,) 

5*4 

Roll Computar 


30 (64^) 

10 (21?,) 

7 (159t) 

759t 

Yav Coo^uter 

16 

8 (305t) 

8 (50J6) 

0 


Alt Cocsrputer 

h 

3 (755t) 

1 (25$) 

0 


Auto Stab Trim 

lb 

8 (5356) 


3 (2^) 

faT% 

Monitor & Logic 

11 

5 ^55t) 

k. (3^ 

2 U^) 

5Sj^ 

IBS Computer 

62 

52 (84?t) 

10 (1^) 

0 


CADC 

t 

3 (755t) 

1 (25)t) 

0 



SOnSS 1. First three perfeentage columns are expressed as ^ of total BITE entry. 

2. adjusted bite EFFECnVEHESS Is eii^resfled as of (TOTAL BITE EHTOY - BITE PASS BUT UKET BAD), 


For example, pitch cov^uter calculation; 


26 

(^ 9 - 17 )” 


X 100 = 


*to 

03 


CO 

o 

CJk 


M 




ro 
— • 
I 


ENCI MEEK INI DEPARTMENT 


CAT II AVAILABILITY: SAMPLE ENTRIES 


*a: mtc tso I 5ta 


5TA 

in-flight paoblem 

lax 

1ST OFFICER WINDSHIELD WIPER BLADE 
STICKS OUT IN FLT 

SFO 

(CORRECTION OF DEF #460) 

ORD 

NOTE - CAPT INST PNL HAS "NOT CAT 
11" PLACARD 


HAINTtNANCE ACTION 


EF #360 NOT CAT II 


EPLACED BLADE 


CORRECTED TO CAT II 


ORD CAPT FD ANNUNCIATOR LATE WOULD 
NOT ?,111HTNATF DURING APPROACH 


06/13 18369: LAX (CORRECTION OF DEF #598} 
15 


REPLACE HALU. NOT 
CAT II NEED CAT II 


■ S 119 


ALU BITE OK CAT II 


CAT X AVAILAMLITY 


LEGAL 1 ACTUAL 




(PREVIOUS WRITE-UP'S ON WARNING LIGHTS 


8 17238: ORD WITH "A" A/P IN CHD & VOR/LOC, HAD 
15 STEADY RED A/P WARN LITE. "B" A/P 0 


03/19 17240; ORD SAME AS ABOVE 
26 


UNABLE TO DUP BITE CKS 
OK ROLL & PITCH 


REPLACED A/P ROLL 
CHANNEL. CKS OK 


(NO MORE PROBLEM) 




i 


TABLE XIII I I nirpnRT F-1806 datt 2-17-77 

PACE 45 
















































TABLt XIV 


i r i.iNKi:!: I'Jt hi i’Ak it-h n'i 


W) 


LiniTeo AiRUnes 


F-1806 I-'M 

46 


747 CAT II AVAILABILITY 


TOTAL FLYING IlN: B3''08 

(JULY 75 - JUNE /6) 


REPORTED 

”1 RESTRICTED 
I 


291:28 

452:23 


LEGAL 


ACTUAL 


8011 

42:09 

8012 

13:13 j 

8013 

107:43 j 

5014 

3:45 

8016 

26:15 


- 


** 

8019 

199:01 

8020 

116:19 

8023 

153:57 

8027 

64:37 

8028 

124:26 

8029 

215:35 

8032 

99:45 

80jti 

38:36 


201 :24 
240:15 


6:05 


228:37 

516:00 


202:43 


639:45 

265:22 


68:49 
122:11 
01 


RE.STRlCTFn 


243:19 

455:49 

192:09 

83:06 

201:52 

303:44 

46:05 

279:01 

413:51 

60:26 

232:08 

376:08 

281:34 

134:22 

193:21 

201:21 

303:42 

131:15 


■RFSTRICTET' 


146:32 

62:32 

72:0b 

7:57 

60:57 

88:06 

27:02 


252:44 


3 


b'9 

ri'j 

399 

;10 

268 

PO 

CD 

206 

25 

35/ 

49 

404 

36 


4/01:04 


944:01 4133:13 


614:36 I 4009:14 


1 . 7b/. 


.61 





























TABLE XV 


miiNT 


UJJ 

uniTED AiRLines 


F-18Q6 


I 'A "• 
rA-.r 


''iPPi'if-.'J T^AT II AVAILABl^LITY: 


89. 4&'/, 

FULL/RESTRICTEO 97.19% 


LEGAL CAT II AVAILABILITY: 

FULL 90.57% 

FULL/RESTRICTED 98.25% 

actual cat II AVAILABILITY; 


full 91.41% 

FULL/RESTRICTED 98.86% 


2-17-77 

47 


7 
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ATTACI;<HrKT .1 


AM^BOPHL Ef JUlPn^MT REQL 'IRQMENTS 
(AC 120-29) 


MINIMUM REQUIREMENTS 

CAT II (ALL AIRCRAFT) 

SINGLE FLIGHT DIRECTOR 1/ OR 

SINGLE AUTOMATIC APPROACH 
COUPLER 21 

MINIMUM REQUIREMENT - TWO - 
ENGINE PROPELLER AIRCRAFT ONLY. 

INSTRUMENT FAILURE WARNING 
SYSTEM 

REQUIRED PLUS FLIGHT CREW 
ASSIGNMENTS AND PROCEDURES 
SPECIFIED IN NOTE 3/ BELOW. 

DUAL ILS AND GL I DESLOPE 
RECEIVERS 

REQUIRED 

SINGLE FLIGHT DIRECTOR WITH 
DUAL DISPLAYS 1/ AND SINGLE 
AUTOMATIC APPROACH COUPLER 
2/ OR TWO INDEPENDENT FLIGHT 
DIRECTOR SYSTEMS 

REQUIRED 

EQUIPMENT FOR IDENTIFICATION 
or DECISION HEIGHT 

REQUIRED. CAN BE: 

(1) RADAR ALTIMETER, OR 

(2) INNER MARKERS. 

MISSED APPROACH ATTITUDE 
GUIDANCE 

REQUIRED. CAN BE: 

(1) ATTITUDE GYROS WITH 
CALIBRATED PITCH HARKINGS, 
OR 

(2) FLIGHT DIRECTOR PITCH 
COMMAND, OR 

(3) COMPUTED PITCH COMMAND. 

AUTOTHROTTLE SYSTEM 

REQUIRED ALL TURBOJETS IF OPFR- 
ATiONS BASED ON DUAL FtIGHT 
DIRECTORS. ALSO REQUIRED ANY 
AIRCRAFT USING SPLIT AXIS 
COUPLERS IF APPLICANT CAN’T 
SHOW IT DOES NOT SIGNIFICANTLY 
REDUCE PILOT WORKLOAD. 

RAIN REMOVAL EQUIPMENT 

REQUIRLD 


M07LC; 1/ ‘/iNGLE A/IC MIGHT D1RF( rO-(b II BASIC GLIOESLOPL INIORMATIUH 
UISPLAVELi ON SAME INSTRUMENl. 

2/ SPLIT AXIS ACCEPTA8I.I 

3/ IF IMPROVEU FAILURE WARNING SYSTEM NOT PRUVIDIO FOR CAT 1 
OPERATIONS APPLICANT MUST I.SIABLISH f LIGHT CRIW PROLIDURES 
ANO DUTY ASSIGNMENTS TO PROVIDE IMMEDIATE DETECTION OF 
ESSENTIAL INSTRUMENT ANU EQUIPMENT FAILURES. SUCH 
PROCEDURES AND ASSIGNMENTS ARE REQUIRED FOR CATEGOR II 
OPERATIONS. 
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ATTACHh)LNT II 


ORIGINAL PAGE IS 
OF POOR QUALCrr 


AFPAM DISPLAY 


1 


r<r,H NT 


EClP TrjP'itT pfp, ^ 


V 
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RU 
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' . U !-4 

I-. p 

fpi’ 


I- 1 1 1 ■ - n 1 1 7 
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F H TP TNG- 

tiyi ii>~00G 
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it V TPLG EDGE 

FRIPING- 


RLL 

SLV TPLG EDGE 

friping- 

POio-Kiij j: 

RLL 

hLV TFiLU FDOF 

EPIPTMiM 

doia-si R 

CRT 

1 1 '■ R/P NDS CHk 



pfi " 

'-iL'i : 


-I'nyr 

- Pii 


SU- 

Hi. I- Tpj_[- Ef-.Ql;:: 

HI , c.i rpi_ri fR'IjE 

fli L ,-j •/ TPI G Ef'i-iF 

NF4 Ri'KH PVSP'P--7i| 
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FRIPING- 
PRTP fNG- 
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■’4R I 
Mni 

' 41 . II 
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Mill 
’4 01 

-74|-| I 

7'4G1 

7401 

7401 

7401 

7401 

740:1 

7401 


-- vit’i i 

Rl i -.i ' 

I PI 

G Ff'i'jp 

FhFP[Ni,-7 

•U 1 1 

•* -ini" 

HI 1 ■-I ■■ 

TPI 

i i fT>r,p 

FRIPINi, 

40 1 


Hj 1 *.l 

TPi 

G PT'GI- 

FRfp fNTv ;■ 

40 3 

i -t-n't 

• M. 41 ^ 

■ ‘ TPI., 

I'l F r<GF 

FFi T P i Nt'i— 7' 

401 


AIRPLAfF 

NUMBER 



LIHIT/’TION 

CCCE 


1 Ml 

IT, - U! 1 '-/. I 

1 Ml 

1 ii . 1 i, 1 ' ,.l 

HNi 

11,' II II 

1 Ml 

1 t 1 i 1 ‘ ! 

1 Ml 

HP 1 M r ■ . 

•'.MF 

1 1 0' , 1 : 1 

1 Ml 

Or:. ! O 1 G' , 

I Mr 

HPl i-UG' , 

npf . 

11 ! Ml O 

1. Ml' 

OR 1 O 1 ' • 

OFT- 

11 iTW 

Llir 

0FJ 01 GGG 

LMC 

0F3 OIGT-T 

LMG 

0F101':.':ii.:. 

SF0 

11101=;?7 

LMi" 

Ok 1 01 S5F 

•4MP 

II R 1 K 1 R ■ O 

1 r-ii 

Or-. 1 0 1 

t Ml- 

OR 1 0 1 ■•-■IGr-. 

F-lNi 

J 1 1 IHii;- 1 , 

1.. Ml 

Of. 1 IT 1 ' ,■ „ . 

1 Mr 

Ok ( 1 1 1 • 

1 Ml 

t IR 1 0 1 

l..rir 

HR 1 O 1 ' , • 


L ( 


INPUT ID 


lUriT TII'E 

(HO DATE ■ TIME) 
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9 DIGIT ATA 'UMMARV 


•Jli 


% 

* JM 4273-1 
MTE»04/06/76 
TYPE P> 

« E«HJlf WO TSO 

-J 


HESOOSCE EVALUATION 6-6I6IT DETAIL ANALYSIS WON-AOUTINE MAINTENANCE 


TYPE 0 JOB 
STA CHK « NO 


0«I«IMATED AAS-ELT HAN 
DATE TIME t date HOUAS 


SYSTEM CODE 


PESCKIPTION 


2210 


AUTOFLI6HT-AUTOPILOT 



OC850 2862 

18685 ORD 

1 

L Cl 00-0 

02-28 11.00 

1.3 

ORD 

TOTALS 



7 


DC8AZ 2275 

19706 POX 

1 

U 0000-0 

03-16 23.75 

.6 

DCSF 2043 

17?A3 PHL 

M 

1 

D 0000-0 

03-02 ‘19.00 


DC8F 2043 

171j3 PHL 

t 

L (KKJO-O 

03-02 .19>00 . 


DCBF 2045 

19205 PNL 

2 

D 0000-0 

03-10 21.00 


DC850 2617 

13598 PML 

1 

L oeoe-Q 

J33=-14 J0.3Q . 


DCB50 2619 

0402 PH}. 

2 

L OOOCH) 

02-27 10,30 


DC850 2625 

13089 PHL 

1 

L.QQQtH). 

02-22 .. . 


0C65O 2629 

13032 PHL 

2 

L 0000-0 

03-15 22.30 


DCB50 2861 

19B9 PML 

1 

L.OQOQ-0. 

.03-03 .. . 

. 

0C850 2861 

1999 PML 

2 

D 0000-0 

00-00 


Phl 

TOTALS 



.9 . 


0CB50 2311 

10823 SEA 

A 

C 0000-0 

.00-00 

.1.5 

DC861 2472 

13533 SEA 

2 

M 0000-0 

00-00 

.3 

DC861 2475 

16974 SEA 

A 

D 0000-0 

00-QQ... 


DCB50 2606 

13035 SEA 

A 

"d 0000-0 

00-00 

1.5 

DC850 2612 

64>11 SEA 

A 

C 0000-0 

.J&QQ . 

1.5 

DC8S0 2616 

18*09 SEA 

2 

L 0000-0 

00-00 

1.0 

PC850 2617 

13611 SEA 

B07 L 0315-0 

00-00 

1.7 

DC850 2617 

13652 SEA 

2 

c dooo-o 

'00-00 

1.3 

OC850 2624 

9317 SEA 

1 

L 0000-0 

00-00 

.5 

SEA 

TOTALS 



9 

9.3 

0C8F 2053 

1*978 SFO 

2 

D 0100-0 

03-04 8.00 

7.0 

DC 862 2270 

0388 SFO 

1 

L 0100-0 

03-11 13.00 


0C850 2310 

14905 SFO 

2 

0 0100-0 

03-21 15.50 


DCB50 2612 

6392 SFO 

1 

L 0100-0 

03-05 14,45 


SFO 

TOTALS 



4 

7.0 

22YC Cl totals 



66 

49.1 


totals 



76 

•50.9 


2210 01 01 0 


2210 01 

05 

7 

A/P 

operational CKK/AHAUYZER 

CMA/SELf 


2210 

01 

07 

7 

A/P 

OPERATIONAL CHK/AHALTZCR 

CHIC /SELF 


2210 01 

07 

7 





2210 01 

07 

7 





221DJ1. 

_Q5 

L 





2210 01 

02 

1 





01 

07 

7 





2210 

01 

07 

7 





. . .2210 

01 

07 

7 





2210 

01 

07 

7 





2210 

01 

62 

0 

A/P 

operational CHK/WlLYZER 

CHK/SElF 


2210 

01 

04 

7 
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09 

7 
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01 

01 

0 
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05 
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01 
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01 
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01 

60 

0 




VO 
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02 

7 




m 

g 








V_J 

73 
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01 

01 

0 

A/P 

OPEPArj-'-NAL •■Hfc/ANALY2£R CHK/E£l-P 

— 1 
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01 

02 

7 




CO 

2210 

01 

09 

7 




o 

221C 

01 

02 

7 









lO 

00 

c-n 


ATTACHMENT IV 


ATA CHAPTER INDEX 


22 AUTOFLIGHT 


AUTOPILOT 

AUTOPILOT/ 

FLIGHT DIRECTOR (747/DC-10) 
SPEED-ATTITUDE CORRECTION 
AUTOTHROTTLE 
SYSTEM MONITOR 


27 FLIGHT CONTROLS 


AILERON & TAB (MECHANICAL, HYDRAULIC, ELECTRICAL) 

RUDDER & TAB 

ELEVATOR & TAB 

HORIZONTAL STABILIZERS 

FLAPS 

SPOILER, DRAG DEVICES i VARIABLE AERODYNAMIC FAIRINGS 
GUST LOCK & DAMPENER 
LIFT AUGMENTATION 


34 NAVIGATION 


FLIGHT ENVIRONMENT/AIR DATA (UA) 
ATTITUDE AND DIRECTION 
LANDING AND TAXIING AIDS 
INDEPENDENT POSITION DETERMINING 
GROUND PROXIMITY WARNIN- (UA) 
DEPENDENT POSITION DETERMINING 
POSITION COMPUTING 


40 (UA) NAVIGATION - GENERAL 


ALL WEATHER LANDING 
ALTERNATE TRACK COMPUTER 
HOLDING PATTERN PROGRAMMER 
PROXIMITY WARNING 
PICTORIAL DISPLAY 
ALTITUDE REPORTING 
CLEAR AIR TURBULENCE DETECTION 
NOISE ABATING APPROACH 
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ATTAtHHENT IV (CONTIHUED) 


ATA CHAPTER INDEX 


41 (UA) NAVIGATION - INSTRUMENTS 


AIR DATA INSTRUMENTATION 
ATTITUDE INSTRUMENTATION 
DIRECTION INSTRUMENTATION 
POSITION COMPUTING 
INERTIAL NAVIGATION 
FLIGHT COMMAND INSTRUMENTATION 
STANDBY ATTITUDE INDICATOR SYSTEM 


42 (UA) NAVIGATION - RADIO 


AUTOMATIC DIRECTION FINDING 
VHF (VOR/LOC/GS) SYSTEMS 
MARKER 
LORAN 

GROUND GUIDANCE 
MICROWAVE LANDING SYSTEM 
OMEGA NAVIGATION SYSTEM 


43 (UA) NAVIGATION - RADAR 


WEATHER MAPPING 

TRANSPONDER 

DHE 

DOPPLER 

RADAR ALTIMETERS 


SHOP COST SUMMARY EXAMPLE 


ORIGINAL 
OF POOR QUALITY 


UJl 


ENGINEERING DEPARTMENT 


uniTEO AiRunes 


ATTACHMENT V 


REPORT F -1806 


DATE 2 - 17-77 
PACE 


m 

r T ^ ^ *“* '*‘ ^ ^ ^ *^ ** '■» •* ** ^ O 9^ U 9 f>t m ^ Q 0 ^ ^ m. d. ^ ^ I . 

^ ••••■••••##»• ••«••••■••••••«•• 


4 O 
m — 

4W « 

» A 


#-*“^0^0«00-«'5»C3 
A40^•XOO^•(^OOC 


4A0tftr>4<60OI*>« 

^ •« f>< 


1^ 

• ••*••••«•••••«• 

Otftr>4<600K^tf\I^V*>>^0 ^ ^ ^ 

(\<rwrv<^*^ r *^ »* 


^ o 

O 4T 
*><« p» 


« ^ 9 «•■ -« V 
r> 9 «> <«v < 
p «r« « fs, «. , 


%7i 



«r w 

i^e; 


8 


C ^ 

9' 


C>“OO^«#'^ 0 «-ip»OOO 

• •• *• •• •• •• 

'vo)e<N<<rco 44 rtA 

* ^ ^ ^ o- m ^ ^ i 


— c ♦ 4* e 

c 4 ‘ — — # . r 

m ^ <M rw 


C C 9 4 ^ 

“ C — ^ iT* 



0«x-*<9<#r««mo9 ««■ 
0^«*« 

• r>* i/' ^ ^ ^ 0m 


W C ►*»-«€ 

r ♦ - f 


o e c* c c rt o 


OO^Ct^•trOC<a^•/^0'9^>r^tf^C^^4O«'-*f^««9« 

Orf'CO^C^mOO 

-• — m e Fi •-* 

(^onc'ooonocooooooooooooooo 

•• **•***••«••••••••••••• 

•9 «r 

' *4 0 m «* 


^ -c o * ^ oc«»**o< 

• •••• •• •• 

rx Po 41 K « ^ 


OOOOOCOr'OOC 

md t 


C *• <n «- >■ p 


( r; 


f*j 1% < 


> o c c 

« ^ A« 

‘ f>* -0 


t 0\ 0\ t** ' I m4 0t mm 

• — — — c. o o o 

9* P 9* f4 IS N ^ 
•rt iT </« 
0 m 

o o o 

>9 ♦ <9 


o o 

♦ ^ 


o o 
4 ■/• 


M lT\ iO 

o o o 

O ^ in 

•3 mm mm 

«M <9 tr 

W*' ^ ^ 
« n. PS 

2S5 


9- 0 c 
*9 <■« < 
4 ^ m h 

9 ? ’ 

♦ ^ 

ps *>< 
o o 
-p> *n 
m 1 ^ 


9 < 

•4 * . 

Ps nj » 

O O < 




-. m .■*» 

r ^ 

^ IW Ia; 

3 0 0 

M fS» — 

f 't ^ 


PV^*«-sO®fPl»PW^fSPSPS«-^ 
O O 000^00 O O O PS INJ o 
p»««MQ^rspgPsrsrsOrgrsrs 

'9^^««000«0.O«0® 
*>0*»9rvr><p»^ r 99fM^?< 
OOoOoOoOOoOOOO 


M rs rs ^ 

o c o O 

•m mrnmrn ^ 

rs PS P« fs 

« « « « 

p» 0 9 

O c o O 

i»i <v> m 

0 4 ^ rfi 


P« <, T. fS ^ */ I 
»'< 9 PS KN P» •• ■ 

o o C O p» ^ t 

9 9 9 </ J 9 9- 

-• — '3' -* O O V < 

f's P*! rv. 'X Pg rs PS < 

9 9 9 9 <9 ^ . 


• 9 c »x — r 

•% O •*' 4 } P» 
;■ O ^ O O •. 
' 9 0 9 9 n 

• -• - p- *3 O 

I *s PS fx IX Ps 

■49999 


9 9 0 «A Ps 
P^ C C ' IT 4) o 
9 0 9 9 C 

O O O O O O 
ni py »x PS *X PS 

9 9 9 9 9 9 


— M p, ^ I*, ^ ^ ^ 

9'/lrW^99ltf^lrll^9««n9tf^4^4^04^99 
04)4)mif\9 4>PX9PSPS9 9f>> 4J0«si«>9i*\9O 

9900 rPtOrsOPXiAmfp|— O 90 O^**M»S 
p-«ooouoo«rococo990oc90^8 

9PS9999999999 99999999K.^ 
OOOOOOOOOOOO 9 OCOO 4 PU 0 -S® 

**>'*>^mfn0f*\fxo®^®®.Orx.{)^0 0 9 9 0 


u u i« or a 
« ‘ -.--la-p 
** u. 9 <A a ^ . ' 

At S ^ u (t 

1 'j • w ar ► 

• f r 9 . 

w 9. w O U I 

A X 9 Cl X. 

O U U 9 O I 

" ■ • m VI o O ’ 

s CL V to • 

o. a 

> n p» o 


o ._, 


^ a u , 


^-•”1 — PS0O# » 
bCJP^OP^CiCjioRs 


A a 9 ^ w 

I O O « M MJ 

• o a A 

* * m 

I L^ 2 «p^ 9 

j o a 

/>.• ml fmJ mJ 

9 */> 3 c 

>1 I ^ a ft 

. ^ X, X >. 

■ P3 O O 

9 > M -V ^ K 0 


:L mJ it V. 

Lrf O X X to 9 
W *9 t.^ U tn tw 
rj K 91 

« a •• ►- 

^ ^ a 9 z 
9 Cl ^ o »- 
C 9 Ui W 91 
U <W ft O 

o 9 w u » a 

•-►909 
9 9 ^ 

S 4 ) r» m 
ra 0 fs fte 

o r Cl 5 ► M 


-j a ec ^ 9 

Z to U< •— I*, s L» ^ 3 

-iA>>Zt9A l-Z_«»> a 
uz avOt— 9 

III a A a> 141 r ► > r u > X 9 

> SuujcVa'xs , Sw-Z — . 

“io>t^i^iA 9>o Z ac o sj ij 

A<X.Z2 S'* ^twC^lOf* * 

^>999«iio>Z2o^ . .. wZZV^Vl 
'*'^-<«««OprLUO 9C», 9CuiCuft«i 

.^Cj t 0^1 5 ^I.>VI m m 0 m- 00 , 
^•?^‘fe!t*oZjZ»C9'Z Owz».oo.^».i 
Xib«9ZZliiil'viZtJ 9w 3C S''UZA«99999 i 

S. C 0 0 0 0 I 


A 0 9 ft 

' L3 O O O 
, - ft It 0 u 

Z z 9 9 9 9 

U 3 X X i z 

u w w u 


|I A M ^ 


i • X X Ui If VI z u 0W 3c S' u, 

>Ov3>>U«U0OA 9 CciP«0i 



SFR 2090 12/76 


288 


SHOP COST SUMMARY EXAMPLE 


SrtRB - PtifiT MMCnt CfisT BtWHT 
•ART NUME» SFOUENCE 


fOR WMTh of DfCEWtER 


PA*T l4iaR‘R 


DESCRIPTION 

010 V/0 CCKPTR 
CIO PTCH Ci-'xf'l! 
I.’I PTCH to si ? 
DID IS^«5 rupTF 
727 PED CtHTRLI 
OS P?0 CO'JT'LP 
OB pf D rc»>Ts- I.P 
tht i/» s‘--iV,- 
7x1 a/I ILXPTP 
*40 AT-<E ^xoTp 
CIO AT-Sc CXPTO 
JlO 4/r CCN PAN 
Z1 fL/»tr PSsV If; 
;•« YA/onu iCCEL 
»*3 k\t> DIT4 Cr»* 
''B* YA/RCL 3CCL 
ozt ACCEL PTCN 
D3 ACCcL PITCH 
72T AIQ DAT SE^i 
271T pqSTn SF\S 
VHP PCCFlvri: 
C9069 VHP PM 
Gl?2fllA« VHP PNL 
VHP TRANSCEIVER 
VHP TRANSCEIVER 
CENTRAL SW UNIT 
RECORDER VOICE 
CEN DRV' SPY PWfl 
PNL-GEN C/VR 
CPN CCNT UNIT 
PAN?t ceji, CCNT 

RCniKATOR-V^LT 
BUS ■'.0‘ T u*'!’ 
C*^NTR- 

AC St«. gen APU 
RcC/VriT 
PNL-GEN CCNT 
OEN CONT unit 
PATIEPT ChADGEA 
MTTtQY CHA 5 GSR 
eiT^FRY CHARGcA 

battery CHAtC'« 
BATTI^r 

737<»r • 


CIS iNvr COST coNTani 


A 2 I ‘SO?? 
A? I P 0 A 7 

♦?o 

A20 t*ts52 
4?0 *?77^ 
A20 SIK 
AflO sC'» 
i .52 10 = 1 
^Zl DOS 9 
«?i O6C0 
A ?1 UQ 22 
9061 
A20 ^170 
A20 9775 
on9o 
A?C 9095 
A?0 9539 
A20 P6S0 
A20 7C79 
530 9198 
$30 2596 
530 9006 
530 9005 
530 9035 
5B0 900A 
530 90?6 
A20 9502 
560 9026 
560 9052 
560 9032 
560 9031 
506 90117 
560 9607 
920 9996 
560 9080 

560 9081 
586 9013 
5tC 9519 

585 9013 

561 7199 

586 9000 


M2O3AHU0t 
1A?0 <491 103 
1210 r 49 I?t !4 
14?034Q?C''I 
14207491301 
142024QUQ3 
14T0249130? 

isic^^srrcoi 

14’0857010? 

1420352ui04 

14203520105 

131035200QI 

1350 7491405 

13102A9150B 

13J02491509 

13iC249l50a 

13302491508 

113Q2491508 

13307491108 

1330T49I5Q? 

14IOJ*3l20l 

1420J431J01 

1420E43L303 

14108431701 

UJ03431702 

I520a4321;74 

1520J433101 

14109611001 

1S3C2611306 

15302611218 

15307611203 

15307611201 

I53Q16H205 

153C96U202 

14109611002 

153C2611222 

15302611221 

15303611201 

1510I612I0I 

15308612102 

15309612102 

15303412401 



NAN 

LABOR 

HATER lAl 

total 

UNITS 

KHtRS 

DOLLARS 

OOILARS 

OOLLARS 

3.0 

7,99 

61,04 

1,00- 

60.04 

6 0 

47 00 

3‘'5.C8 

5CV4.3? 

861.45 

4.0 

10,10 

1 • 7. 2-3 

361«S| 

50il, M 

1 l.n 

?R,IA 

211,9? 

58J,2? 

Ml. 75 

20 Q 

78 36 

214 6B 

,00 

216.68 

3,3 

3,23 

.'4,6 4 

.00 

24.68 

6.0 

6,55 

•50,n*i 

J,3t 

51.36 

0 

00 

CO 

00 

.00 

?.o 

14,50 

141.34 

Ub.Ql 

25T.35 

A, 3 

55.03 

2n7.63 

27,80 

,M5,41 

UO 

4 00 

10 56 

00 

39 4d 

4,0 

12.65 

95,89 

oOO 

95 .R9 

4.0 

5. 9B 

4S,33 

.00 

45,13 

7.0 

21,35 

161 0J 

05 74 

241 47 

• 0 

,0Q 

,00 

.00 . 

,0) 

45.0 

145.90 

1052,45 

820.11 

1881.54 

7.0 

21 35 

l6l 83 

85-74 

247.57 

7.0 

21.35 

161.83 

85,74 

247.57 

3,0 

34.50 

261,51 

29.31- 

232.20 

8.0 

34.14 

250 79 

95 65 

154*64 

37.0 

249.57 

1906. n 

664. 50 

2571.21 

29.0 

123.03 

939.95 

607,45 

1547.40 

^7*0 

137,45 

1050.12 

268 25 

1318.37 

45,0 

185.19 

1414. 85 

459.16 

1873.01 

101,0 

379.32 

2898,01 

737.43 

3635.44 

4,0 

33,50 

254,27 

,00 

254*27 

847,0 

3806,96 

27268,74 

29919.79 

57188,53 

4.0 

18,11 

138,36 

35,95 

I74r>l 

333.0 

1357.42 

9663.54- 

3924.93- 

13588.47- 

14.0 

30.38 

206.51- 

367.55- 

574.06- 

430.0 

1149.66 

8208.3B- 

404.77- 

8613.15- 

55.0 

R1.35 

629. 76- 

113,52- 

741.25- 

47.0 

217.64 

2014.60- 

880,90- 

2095,50- 

237,0 

734,67 

5342,51- 

451 1 ,47- 

9953.90- 

6.0 

19,05 

145,54 

.00 

145,54 

173.0 

621,47 

4428-77- 

b2l8,90- 

10647,61- 

323.0 

764.71 

5334.99- 

4762.71- 

10097.70- 

140.0 

69T 5S 

4901 0 2- 

4127 44- 

9229 PF- 

1C7.0 

150.65 

1097,87- 

2>.02- 

* ‘ 22.f9- 

4, ■) 

35.00 

263,26- 

21,90- 

2 *>. la- 

29 0 

25 31 

184 29- 

11. 71- 

218,00- 

11. Q 

44,31 

311,77- 

15,04- 

326,81- 

*'• n 

4B.OO 

363. 84 

16.67 

380.51 


An 

00 

.00 

• 00 



44 

1113,00 

1249,44 




■•4.40- 

45,?3* 


average 

PAID 

^ 15523.24 
27619,01 
1614, 3f 

8575.20 
2949.07 

5707.00 
1537,75 
1019,90 
Te»4?,01 

10 ^ 00,00 

23000.00 
4005.57 

684,15 

406-61 

TSB 6 ,Ta 

650.55 

1205.21 
852.49 

44B6,nS 
210 32 
1 760.16 
307.43 
434*72 

2595.22 
2415.72 

12B98.72 

937.00 
2835,10 
2990,03 
21311^.92 
4151.68 
uru 2 i 

-fO?! .'6 
3843,21 
T05l,77 
12C5,84 

3790.00 

59t,o: 
6 « 9 . 1 * 
28?. 00 
2 in,^, 

629,11 
,00 
I *167,24 

797.1 
7860,07 


CnST PfA 
UNIT 

143,91 

125,16 

71,9.. 

10 . 8 ? 

R,?* 

B,89 

,00 

128,65 

36,91 

30.56 

23.97 

11.33 
35 17 

,0i* 

41.81 

35.37 

35.37 
77.40 

44.33 
69,49 
53. 3t 
23.13 
41.42 
35.99 
63»$7 
67,52 
43,58 

40.81 
41,00 
20. Cl 
n 51 
61.61 
4l,4B 
?4,?4 
61.55 
31.24 

I 1 * * I 
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REF. NASA-1-13654 


SHOP' COST 
APCS COMPONENTS 






' Major Computers 

PA P/N 

Mf r' P/N 

Sample 

Qtv 

Labor MH 

Material S 

Computer, Pitch 

72201 

2590622-908 

117 

3 

7,3 

48.92' 

Computer , Roll 

72202 

2590623-908 

120 

3 

5.9 

43.14 

Computer, Yaw Damper 

•;2221 

1964212-1 

35 

2 

4.7 

6.73 

Unit, Monitor & Logic 

72204 

2591027-902 

51 

1 

5.0 

16.84 ■■ 

Unit, Auto Stabilizer Trim 

72224 

2591415-902 Mod A 

38 

1 

7.2 

11.08 

Computer, Auto Throttle 

72220 

1964693-1 

.5 

• 1 

17.1 

199.01 

Dedicated Sensors 







Accelerometer, Normal ' 

57381 

2588696-904 Mod A 

■M 

2 

« 1 1 ■ 1 

___ 

Box, Accessory Stabilizer Trim 

72215/223 

65B47519-9 

8 

-1 

3.2 

0 

Box, Accessory #1 

72217 

65B47520-13 

8 i 

1 

3.5 

0 

Box, Accessory #2 

72216 

65B47521-18 

5 

1 

3.8 

1.26 

Control/Displav Units 

Panel, Mode Select 

72222 

2590624-924 

55 

1 

4.7 

43.59 

Control , A/P Flight 

72203 

2590625-902 

10 

• 1 

5.3 

.41 

Light Set, Plight Mode Annunciator 

73422 

75-0147-9 

2 

2 

5.1 

42,44 

Indicator, Attitude Director 

73407 

2590281-905 

27 

2 

8.7 

165.77 

Shared Sensors 

Receiver, Navigation 

73458 

522-4280-108 

31 

2 

12.3 

4.38 

Transceiver, Low Range Radio Alt. 

73432 

2067631-5114 

34 

2 

7.8 

2.35 

Unit, Inertial Navigation 

73402 

7886580-011 

14 

3 

56.6 

37.35 

Computer, Central Air Data 

/3460 

73404 

3757183-1 

1903925-3 


2 

6.9 

6.1 

77.65 

Coupler, MHR Compass 

73412 

2591201-911 

30 

2 

12.6 

1.67 

Servo Components 

Power Pkg, Inboard Elev Control 

72703 

93600-5027 

4 

2 

162.0 

1,981.99 

Power Pkg, Inboard Ail Control 

72706 

3170120-2 

2 

2 

72.4 

2,647.29 

Power Pkg, Rudder Control 

72705 

3822000-16 

1 

2 

81.2 

10,655.80 

Servo, Auto Throttle 

•72207 

1503396-1 

0 

1 

— 


EI!ev Feel Computer 

70772 



1 

39.5 

60.22 


PAN AM iJELTAQILrA Juir I, 1977 


% 


( 


f J 


REMOVAL RaTL_ 

REE. KAS7i-l-13654 AFCS COMPONENTS 


Major Computers 

PA P/N 

Mfr P/N 


QTY, 

P.R. if- 

P.R.R. 

Crmputor, Pitch 

72201 

2590622-908 


3 

148 

2.389/, 794 

Cor^putcr, Roll 

72202 

2590623-900 


3 

149 

2. 405/, 802 

Ccp.putcr, YiM Damper 

72221 

1964212-1 


2 

38 

0.613/, 305 

Ujiit, Monitor & Logic 

72204, 

2591027-902 


1 

46 

0.743 

Cr.it, Auto Stp.biliser Trim 

72224 

2591415-902 Mod 

A 

1 

55 

0.888 

Computer, Auto Throttle 

7227.0 

1964693-1 


1 

10 

0.161 

Dedicated Sensors 

'icccleroip.eter. Normal 

57381 

2508696-904 Mod 

A 

2 

0 


Bo.'i, Accessory Stabiliser Trim 

72215/223 

65B47519-9 


1 

18 ■ 

0.290 

Eox, Acce.ssory #1 

72217 

65B47520-13 


1 

6 

0.096 

Box, Accessory #2 

72216 

65B47521-18 


1 

2 

0.032 

controi /U3 sniav units 

Panel, Mode Select 

72222 

2590624-924 


1 

66 

1.065 

Control, A/P Flight 

72203 

2590625-902 


1 

11 

0.177 

Light Set, Flight Mode Annunci.ator 

734 22 

75-0147-9 


2. 

3 

0,048/. 024 

Ir.dicator, Attitude Director 

73407 

2590201-905 


2 • 

32 

0.516/, 258 

t>na.roa honsers . 

Receiver, tJavigation 

73450- 

522-4280-1C8 


2 

i03 

1.663/, 031 

Transceiver, Lew Range Radio Alt. 

73432 

2057631-5114 


2 

55 

0,888/. 444 

Unit, Inertial Navigation 

73402 

7806580-011 


3 

258 

4.165/1.382 

Computer, Central Air Data 

;34fi0 

3757183-1 


2 

185 

2.986/1.453 


73404 

1903925-3 




Coupler, MHR Compass 

73412 

2591201-911 


2 

40 

0.646/. 323 

borvo components 

Power I'kg, Inboard Elev Control 

72703 

53600-5C27 


2 

5 

0.081/.04C 

?ow;r Pkg, Inboard Ail Control 

727 OG 

3170120-2 


2 

1 

0.016/, 00c 

Power P>:g, Rudder Control 

72705 

3022000-15 


2 

1 

» 0i6/ • 

tervn, A.uto Throttle 

7 2207 

1S^?396-1 


1 

0 

Elevator Feel Computer 

■>ir/72 



i 

1 

0.016 



• 
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PAN AMERICAN WORLD AIRWAYS 


REF. NASA-1-13654 



Summary of B747I 

-121, 121F Aircraft Times 









•• 

No. 

of 

A/C 

Mo/Yr 

Toti 

Hou 

ll 

i's 

Utilization 
Per Day 

Total *De- Avg 
Cycles/ par- 
Ho. tures 

. Cycles 
Per A/C 
Per Day 

Mrs. 

Per 

Cycle 

Hrs . 
Per 

Departi 

32 

Dec/76 

9,; 

B95.65 

9.98 

2496 

2271 

2.52 

3.96 

4.4 

32 

Jan/77 

10,364.70 

10.45 

2621 

2385 

2.64 

3.95 

4.3 

32 

Feb/77 

9,339.79 

10.42 

2307 

2172 

2.66 

3.91 

4.3 

32 

Har/77 

10,432.85 

10,57 

2701 

2458 

2.72 

3.88 

4.3 

32 

Apr/77 

10,583.67 

11.02 

2720 

2475 

2.83 

3.89 

4.3 

32 

Hay/77 

11,: 

276.87 

11.70 

2905 

2644 

2.93 

3.88 

4.3 

1 PA 5824 AP Days 

61, 

943.53 

10.64 

15830 

14405 

2.72 

3,91 

4.3 

1 UA 6588 AP Days 

53,808.00 

8.17 

14597 

13304 

2.22 

3.69 

4.0 


♦Departures for PA calculated at same ratio to cycles as UA, i.e. 91%. 
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heliabilitx 


B747 AFCS 

COMPONENT HEPLACEMENT TIMES 


MAJOR COMPUTERS 


H 




H 

B 

s: 

D 

H 

& 


s 

B 

o 

P5 

u 




O 1-^ 

W 

M B 


CM B 

H 

CM O 

■s 

t-- P5 
X 

B 

to 

B 


hrIminII hrIminII hrIminH hr min j| hrIminII hrImin 


OBTAIN REPL ACEMENT PART 

replacement time (if significant) 

perf orm bite test OR SYSTEM TEST 

TEST EQUIPMENT SE T-UP (IF PE:QUIRED) 

AUTOLAND OPERATIONAL CHEC K (IF REQUIRED ) 

RETUPJJ SYSTEM TO NORMAL 

TOTAL TASK TIME * 

*Assmned average 60 minutes to obtain replacement 


30 to 90 Mins 






9 ! 


1 I 30 !i J lu- 


10 


- .25 


REF. NASfi-1-1 i&l-i 


Page 1 of 5 





























AFCS COMPONENT 
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to 
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REP, KASA-1*13654 


AFCS COMPONENT 
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B747 AFCS 

' COMPONENT REPLACEMENT TIMES 


SERVO COMPONENTS 


OBTAIN REPLACEMENT PART 


REPLACEMENT TIME (IF SIGNIFICANT) 


PERFORM BITE TEST OR SYSTEM TEST 


TEST EQUIPMENT SET-UP (IF REQUIRED) 


ADTOLAND OPERATIONAL CHECK (IF REQUIRED) 


RETURN SYSTEM TO NORMAL 
TOTAL TASK TIME * 


^Assumed average 60 ■ «,r.ntr~ i.o obta 


ro 

>0 


eOjSA-1-13654 


AFCS COMPONENT 







































APCS COMPONENTS INVENTORY VALVE FOR A '32 AIRPLANE FLEET 



PA P/N 

Unit Cost 

No, 

Plane 

Installed 

Units 

Cost 

Spare 

Units 

Fleet 

Computer, Pitch 

72201 

11,647.00 

3 

96 

■ 1,118,112.00 

28 

326,116.00 

Computer, Roll 

72202 

12,099.00 

3 

96 

1,161,504.00 

24 

290,376.00 

Computer, Yaw Dcunper 

72221 

4,510.00 

2 

64 

288,640.00 

12 

54,120.00 

Unit, Monitor and Logic 

72204 

9,892.00 

1 

32 

316,544.00 

16 

158,272.00 

Unit, Auto Stabilizer Trim 

72224 

5,690.00 

1 

32 

182,080.00 

13 

73,970.00 

Computer, Auto Throttle 

72220 

6,500.00 

1 

32 

208,000.00 

4 

26,000.00 

Accelerometer, Normal 

57381 

660.00 

2 

64 

42,240.00 

ir 

3,300,00 

Box, Accessory Stabilizer Trim 

72215 

2,384.00 

1 

32 

76,288,00 

8 

19,072.00 

Box, Accessory #1 

72217 

3,386.00 

1 

32 

108,352.00 

6 

20,316.00 

Box, Accessory #2 

72216 

5,909.00 

1 

32 

189,088.00 

6 

35,454.00 

Panel, Mode Selector 

72222 

15,120.00 

1 

32 

483,8^''. 00 

15 

226,800.00 

Control, A/P Flight 

72203 

2,489.00 

1 

32 

79,648.00 

7 

17,423.00 

Servo, Auto Throttle 

72207 

958.00 

1 

32 

30,656.00 

6 

5,748.00 





32 

4,284,992-00 

1 

,256,967.00 


133,906. 00/P lane 39,280.00/ 

Plane 

5,541,959 

173,186.00 


Total Inventory Cost 
Total Inventory/Plane 



SUMMARY OF PAA SUPPORT FOR AVIONICS SYSTEMS AT LINE STATIONS 


PAA 747 aircraft operate thru 47 locations in addition to the NYC and SFO bases. 

Of the 47 classified PAA B747 stations, 14 are in the U.S.A. or possessions and 
33 are in foreign countries. 

Other type aircraft B707/B727 operate thru 46 additional stations for a total of 
93 Pan Am stations. (Attachment - "Pan American Line Stations". } ( 7 ) 

Operating schedules and aircraft patterns are seasonal with two major changes 
per year in April and November to accommodate passenger demand. Additional 
minor changes occur during the Spring and Fall months. 


During a schedule period, a specific repetitive pattern is assigned to each air- 
craft in the fleet with provisions for phase-in and phase-out as dictated by 
scheduled service requirements and equipment breakdowns. 


For purposes of denoting station capability for service to the aircraft, including 
spares provisioning, each station is assigned a classification. Class 1 thru 5. 
Class 1 having the least capability and Class 5 the greatest. {Attachment - B747 
Station Classification List. ) 

Class 5 and 4 stations have capability for full service to all aircraft systems and 
include avionics specialist crews. Lower classified stations have overall spec- 
ially qualified personnel, each of whom may do work on all systems including 
avionics. Continuous training programs maintain personnel qualifications at the 
required level. 

At some locati..ns service to the aircraft is contracted to other airlines or agen- 
cies under Pan Am direction. 

Some of the factors for determining station classifications and distribution of 
spares are contained in the attached. (Attachment - Aircraft Spare Parts Allo- 
cations - Line Stations.) 

The content of individual station kits may also be adjusted within the assigned 
classification by selective addition or deletion of parts. Studies have been made 


./ 
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of mathematical concepts for station parts allocations. However, due to practi- 
cal considerations which cannot be given mathematical values, all require a prac- 
tical overlay and manual review for optimum parts distribution, {^tachment - 
Problem Statements, Variables. Relationship, Solution Method. ) (^ 

A typical Pan Am spare parts kit publication currently in use is attached. Note 
the selective variations from the assigned classifications. Also,^ note a Pool 
Item number opposite various items. An international organization of some 70 
airlines provides for pre«contracted borrows and loans of station spare parts by 
the various airlines. The concept is mutually beneficial to all participants from 
a standpoint of economics. {Attachment - Pan Am 747 Line Station Aircraft 
Parts Kit. ) 

An extracted listing shows some typical current station holdings of Automatic 
Flight Control spares including whether owned by Pan Am or provided by 
other airline through pooling. (Attachment - 747 Station Parts Allocation.) (£) 

For those avionics parts provisioned mainly by operational/geographic factors 
and not necessarily related to station size, a completely selective distribution 
is used using a different kit format. (Attachment - Line Station Avionic Kit, ) (g) 
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PAN AMERICAN LINE STATIONS 


(. I PA OPERATING S MAINTENANCE CONTRACT STATION 
* MAINTENANCE CONTRACT STATIONS ONLY 



GUAM 


GUATEMALA 


JUNE 1977 


ORIGINAL fk 
OF POOR Qu/ 


303 













































































0 



304 



TECHNICAL OPERATIONS MANUAL 


I.INE STATION CLASSIFICATIONS 


1. Introduction 

A. All stations which handle aircraft maintained according 
to Pan Am Maintenance policies are classified, pro- 
visioned, and staffed for each type of aircraft tc be 
serviced according to the degree of service to be ren- 
dered. 

B. This publication denotes the classifications of all Line 
Stations for the purpose of allocating spare parts, 
tool, ground maintenance- equipment, and Maintenance 
Manuals. In addition. Station Maintenance personnel will 
be qualified to handle the applicable type of aircraft 
equipment. 

I 

C. These classifications are governed largely by Schedule 
Frequency, Aircraft Routing, Servicing, Maintenance Re- 
quirements, and the Station geographic location in 
relation to supply points . Other considerations are but 
are not limited to, Crew change point. Passenger Density, 
Locked Pattern Aircraft, Main Base for another airline. 
Special navigational problems. Commissary provisioning 
point, etc. A station may hold any combination of clas- 
sifications depending on the above variables as they 
affect each type of aircraft. 

D. Plight spare parts kit handling is detailed in TOM 30- 
05-35. 

2. Description of Classifications 

Class 5 - High frequency station staffed, stocked and equipped 
to perform transit and A services. May perform 
scheduled time limited services and include support 
shop activities, provide maintenance support at 
other locations, scheduled non-routine maintenance 
during layover periods. Staffing may include an 
inspection unit. 

Class 4 - High frequency station staffed, stocked and equipped 
to perform transit and A services. Non-routine 
maintenance limited to minimum equipment list con- 
tinued items and those affecting passenger comfort/ 
convenience. May provide area support to other 
stations. 

Class 3 - Moderate frequency station staffed, stocked and 
equipped to perform transit and/or A services. 

These stations normally handle higher frequency 
than class 2 and/or are isolated from nearby support 
from another station. Non-routine maintenance 
limited to mandatory items. 

Sep 75, Hbv-?4 tom 25-50-05 
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Class 2 


Class 1 


TOM 25-50-05 
Page 2 


Low or moderate frequency station with limited 
maintenance personnel and spare parts. These 
stations normally handle a higher frequency than 
class 1 or are more isolated from stations of a 
higher classification, or both. 

Low frequency transit or alternate station with 
limited or no maintenance personnel and spare 
parts. These stations are normally located within 
close proximity to stations of higher classification 
and in some cases handle diversions only. 


Sep 75, Nov-?4 
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A iKi. RAK r , StTUtii I'ART 5 ^ALLaA|.l ONS_'; . ? Uf;) ONS 


i OJKJJifTSVE 

fa) Vt; provide, at tli* niojt a.-ion.abl « ^osfc , the spare pert? 

»et’J[".ii tu satisfy ijeinan«ia at specific loeacions In ordi-r 
to ai.?fnt<'iln schjJulca, provjdft for pAsswoget corafort and 
insure t.h« rw^chaniral integrity of tha alccroit whllf 
operating away from main base Locations, 


fb) To facUit.nfe pvri.otUc re-anslysis of parts levels, 

so that- Uioy reflecc current operating roquirf.iiwnts and 
ramovai rates 


nH 


itPITHftMllNIlNff S!fA^):LW CT.ASSKFltCAIliONS 


following factors are conuldareJ in detotralnlng tba- classification 
of each station fit spare parts ftllocations; 


1. Type of equipment 
2 Frequency ot flights, 

d llervire requirenwnts nTansit - A - B etc ) . 

A' Termination antj/or Layover locations, 
h Ju«p-otf point <ov,jr x-jater or long overlanJ) 

•0 flight crew change or slip point. 

7 Ftoxlmlly to bar,*- or large station 

11- Aircraft routl. g <lock*«J pattern consldetat-ions) 

9r Icchnical pirruonnel assigned tMaintenance rcGourct*B)» 
iO Knlntcnance facilities if'Jalnttnance resources), 

a ♦ 

LI ?lu'Ough-f I IghC mal ntttiinncft station, 

12 ftaln base - oUi«r operator; 

i, Similar equipment. 

2.. Non".similar equipment.. ' 

13. Station or w-lrport geographic conditions llv«. field 
elevation, extremer rlimatic coudltlonu), 

1,4 fassenger lo*d.a - seasonal traffic, 

;.Ont I ntifd . ■ • 
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15 


Coictnlss«ry pr ovi a/oiitng point. 

I'l roof Igor or. ion chanp/' poi' ' 
i / . (Jeogrriphl c romot nic sa - 

IjI, &quipmant substitution (historical and/or probable) 

19, Geographical covaragi*- 

(a) KMf? (engine and/or flliC crew) 

Jb) Parts, 

<c) Maintenance 

?.a, Opif.rotionaL and Navigational requiremeut-s- 

21 Tfuluy or flight caiiccUation Irapuot, 

iia) Fasijengtr Io.sh. 

(b) I'Ught crcM ti!M' limitation,. 

■(c) Airport curfnw 

(d) Passenger considerations ihotels etc,).> 

22 Multiple models of FAA aircraft operating Into or tliiough 
station, 

23 SAA Maintenancfe Conttnet support stntlan MNl.. - llS'J etc > 

2A . Cover aircraft availability- 

15. Schedule airtrait grou.nd time - assign..! ^'ir c. i a s' ? y 
CnS y and appear a ncti'. work, 

26, Flight kit lupplenvoit .s - peculiar to specific nircraft or 
auiftil nuftiber of airt-rafc, 

27: Three tngints foi'r-y practicabillty- 


l liYgrHfmiiNG K iT fflIl Tr!NT 

factors considered in determining •tdiet spiL'clflc parts ai'vv included i.n 
station kits, aalectiv/s .>:.upj;lcmenl6 and/or flight Rp«r.*‘fi kits 

1.. HSL/CJaM pubiical ions (;gQ, no-go Jlst.),. ^ 

cant I nu-'d . . , , • 


2. Unit r<vliabillty Ciailurf rstc), 

3 Unit ftosL V3„ dtlny cost/cxposurtt, 
fi,. Unit rep] acftinsnu. tJnc ((wlapsa time) t 
5 Redundancy of s3-3t£-m or pajfs,, 

6, Paasengtar convenience iteniB, 

7i Crew convenience i terns ^ 

8, Spare engine allocation (parts source-robbing) o 
9- KA's planned - parts effect. 

10, QCA's or QCSl's - parts required and or parts exposure, 

11, Pooling considerations (provide or participate), 

12, Special tools or equipment required, 

13, Number of aircraft vs. number of units required vs, 
flight spare kit allocation, 

14, C.X. clean up reaponslblllty (aircraft). 

15, Appearance and cabin G,!. clean up responsibility. 

16, Support from nearby station, 

17, Operational penalty, 

18, Usage rates 

(a) probability factor of failure ratjf at station. 

19, Resupply point, 
lUPORMATlOM SOURCES 

Soroft or all of the following information sources are used to determine 
Spares allocations.' 

1, Unscheduled removal inputs, 

2, Line Si'atlon turnover information. 

3, Engineering failure rate (reliability) estimates. 

4, Operating plan, 

continued, ,,,,,, 
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S„ Minimum Equipmant List <?.-5-0), 

6, Configuration Deviation List . 

7, Restricted Flight Assignments (QXS) o 

Publication (1-5-5), 

8, Crew scheduling. 

9, Monthly Maintenance Rsports, 


10, 


U, 

12 , 

13 , 

U. 

15.. 

16„ 

17„ 

18 . 

S.9. 

20 , 

21, 

22 , 


23. 


2k. 


25- 


26, 


27. 


2B. 


Rapid microfilm. 

Vendors publications - 
Parts manuals. 

Overhaul manuals. 

Wiring manuals.. 

Component manuals. 

Repairable parts manuals. 

Maintenance manuals, 

Training manuals. 

Line station recomnuindationa. 

Main Base experience (inputs). 

Plight Operations ©.xpcrience (inputs) 

Surplus information from Component Control, 

Component Control reviews (prior ntsw purchases). 

Component Overhaul shop espcric-ncn.. 

Pooling documents. 

i’lircct contact with other nirllnon, 

Por typn aircraft - like item or preaen . aircraft. 
Maintenance tfislay Report a J 
ip) Delay causes, 

con Li nued. 



ih} N B-Sj (I-slays, 

(c) Non-kit 'laluya^ 

29- Technical Operations Control tCent^-.r cxp^tricnce rccctraDcndationa 

f 

(a) Logistics for follow up maintenance, 

(b) Lov-(Riig/ Borrowing activity, 

^c) thronic Icthnie-al problem, 

30, Manufacturer-:- spares rcicommendations. 

31, Prolonged period uo-usage inputs from stations. 
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PRORLEM STATEMENTS 
VARIABLES 

relationships/solutiqn method 


PRORIRM STATEMENTS : 

1. What is the probability that a demand will be made? 

(Assuming no regeneration). 

What is the probability that demands will exceed the allocated 
TuantHy a!i interval of t1«s? (asauning a regeneratwe 
process) . 


<T 


*3 


VARIABLES: 


1. Lambda - T (^r) 

2. Lambda - s (As ) 

3. T-Out ('Tout) 

4. D/T-BAR (O?" ) 

5. Tsubs (Ts) 

6. Ssub c(Sc) 

7 P 

8. Isub t (l-r ) 

9. I 

10, Mu (/J) 


= (1/MTBR) (Total Hours per week). , 

= (1/MTBR) (Total Hours per week into a location;. 
= (Out-transit time to a location.- ^ j 
= Mean waiting time (f^’ a unit co oe produced).^ 
= Total support time [Xur -f PA 
= Shop cycle time, , . 

= Steady-state in-process quantity (Sc XAtJ 

= Intransit time. / -t \ 

= Steady-state intransit quantity j , 

= Expected demands during resupply time ( A? X is; 


RELATIONSHIPS : 

1 The probability of no demands when the allocation is 0: 
P(x=0;A) = (e-A' ) 

2. The probability that the number of demands will not exceed an 


al 1 ocati on ; p ^ 

P(x^s;A) = (2 ^ 


312 


ORIGINAL PAGE IS 
OF POOR QUALITY 




ATA CHAPTER INCEa REPAI'IABLE COMPONENT • 

ATA CHAPTER 22 - AUTO PILOT 


Pan American World Airways, Inc. 
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» ATA CHAPTER IHCEa REPAIRABLE COHPONEMT * 

ATA CHAPTER 34 - NAVIGATION 


Pan American World Airways, Inc. 

LINE SVATIdJJX PARI KIT 
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LINE STATION AVIONIC KIT 
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PART NOMUER 
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DESCRIPTION 


Altimeter Unit. 
ALA-51A 
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LIKE STATION AVIONIC KIT • 


— 

CLASS 

PART NIMBER 

CODE 

DESCRIPTION 

UNIT 

COST 

POOL 

ITEM 

NUMBER 

Otic 
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73458 
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TECHNICAL OPERATIONS MANUAL 


RETURN OR REUSE (ROR) PROGRAM 


1. Scope 

This publication describes the RETURN OR REUSE (ROR) Program, the method of 
determining serviceability of ROR units, and the handling and tagging of 
removed units. 

2, Policy j 

A. The ROR Program permits the direct return to stock of components or parts 
that have been removed in the course of correcting a non-routlne discre- 
pancy but have subsequently been found serviceable. 

B. The; ROR Program may he applied whenever a line -replaceable component or 
part cannot be functionally checked on the ground and subsequent in-f light 

. analysis is needed to confirm corrective maintenance action, 

NOTE ; Restrictions specified by the applicable 1-5-0 publication must be 
obseirved. 

C. The Maintenance Supervisor has been assigned the authority and reaponsibllity 
to certify the aervlceabillty of ROR Units returned to stock. 

D. The serviceability of an ROR Unit is established prior to its return to 
Stock and is based on one or more of these methods: 

(1) Maintenance Analysis, I.E., visual examination, review of Aircraft 
Maintenance log, etc. 

(2) Functional Check 

(3) Operational Check 
(A) Bench Check. 

E. Removed ROR Units, while awaiting analysis or check, must be considered 
unserviceable and segregated from serviceable units. The quarantined unit 
must be identified aa "ROR Unit Awaiting Analysis" and remain under the 
control of the Maintenance Supervisor until its serviceability- has been 
confirmed . 

i V 

F. Components and Repairable Parts are tagged per standard practices except 
that "ROR HANDLING" should be entered oi^'J'B" Stub of removed unit. 

(1) On units found serviceable and being returned to Inventory the Mechanic 
must enter on "B" Stub in WORK ACCOMPLISHED space "Serviceability 
Confirmed per TOM 30-20-45" and sign WORK ACCCWPLISHED BY. The Mainte- 
nance Supervisor must sign the OK TO INSTALL apace on "B" and "C" 

Stubs and handle per TOM 30-15-05, 

(2) If removed unit is obviously unserviceable (e.g. housing cracked, 

leaking seals, sealed adjustments broken, etc.) return unit to Prime 
Supply point. If unit is not obyl'-xiily unserviceable, request FEO 
to ccnflrm corrective action via Kudlo. • • 


Aug 73, Apr -72 
AiE 


TOM 30-20-45 
' Page 1 
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3. Procedure ‘ 


A. Replace coraponent/part per applicable Maintenance Manual Publication. 

B. Request that the FEO confirm corrective action via Pan-Op Radio during Che 
next flight leg. 

G. Response from FEO via Pan-Op should be received within 20 minutes after 

departure, if no reply la received send Telex per Figure 1 to next Do(«nlinc 
Station requesting confirmation. 

D. If confirmation of the corrective action is dependent upon inflight opera- 
tion of the corrected system (e.g. autopilot or navigationel systems) or 
where telecommunication problems exist, the request may have to be directed 
to Stations beyond che next Downline Station. 

NOTE; If reply not received within 4 hours after aircraft arrival at 

Downline Station, send follow-up message. If reply not received Ip 
a reasonable time consider the part unservicable and return to Priim’ 
Supply Point. On "B" Stub of component or repairable tag, in addi- 
tion to discrepancy Information, note, "ROR Reply Nut Received". 

E. Upon receipt of the confirmation request from an Upline Station, the Scitlo- 
Halntenance Supervisor reviews the A/C Maintenance Log and discusses the 
.performance of the corrected system with the Plight Crew. Based on his 
findings, the Senior Maintenance Supervisor prepares an appropriate reply 
per Figure 1. 

NOTE ; If the request refers to an A/C that has already transited or was diverted 
to another Station, the request must be redirected to the next Station 
that can provide the confirmation. Copy NVCMJ and MM at Station that 
originated mesaag?. 

F. If response from Downline Station Indicates that discrepancy was corrected, 
quarantined unit must be returned to Prime Supply Point; if discrepancy 
was not corrected, unit may be returned to local Inventory. 


TOM 30-20-45 , Aug 73, Apr-72 

Page 2 
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QF (Downline Station) M MPA 

(Originating Station) MMPA (File Time] 


ROR (Key Word) C /N (Code Number if Applicable ) 

S/N (Serial Humber if Applicable) POS (Position) INSTALLED 

H (A/G Reg. Number^ FLT (Number and Date) TO CORRECT 

(Quote Log Item and Give Details on Checks and Corrective 

Action Taken") . ADVISE IF OUR ACTION CORRECTED 


(CONFIRMATION REQUEST) 


File Time 


ROR YT 


Humber) FLT (Number and Date) 

/■ 

Enter "Corrected” or "Did not Correct 



(CONFIRMATION REPLY) 



Sample Teletype Message 



Figure 1 

END 

Oct 73, 


TOM 30-20-45 

■n ~ ^ 









^Bfs^WAIVC.747 Maintenance Manual 


RELEASE OF AIRCRAFT WITH RESTRICTED FLIGHT ASSIGHI-IEN T 


1 , General 


A. Systems ur units, when partially or wholly inoperative or replaced by 
substitute units, can cause restrictions to station dispatch or down 
line schedule freedom of the aircraft Involved. This publication lists 
systems or units involved and describe;' notification requlremunis . 

B. Sections 3 and 4 supplement, but do not replace Aircraft Minimum 
Equipment List (MEL) I'or Flight Release, 1-3-0, Configural Jon Oeviation 
List, 1-5-1 or other Maintenance Manual Publications. 

2 . Notification Requirements 

A. When an aircraft is released by Maintenance with a restriction to its 

schedule freedom. Maintenance will immediately notify affecte . functions 
as follows: 

(1) Prior to aircraft departure, notify Sta. Operations office of all 
details of restriction, since restriction may require flight plan 
revision, 

(2) Prepare a wire message addressed to QXIOWPA and QXMMMPA. Use 
priority QF, 

NOTE ; This action will cause Communications to switch message to 
all flight Dispatch Centers plus NYCOXPA, IfYCMlPA, FRAHMPA, 
LONMUPA, NYCMMPA, HIAMMPA, lAXMMPA, SFOMMPA, IIHUIMPA AND 
TYOMMPA, 

(3) Include all pertinent data such as aircraft number, etc. Add the 
specific MEL/CDL ATA section and item numbers to end of message. 

(4) Describe in detail conditions causing restriction. 

( 5 ) Enter item in Continued Item section of Aircraft Maintenance Log, 
TOM 15-10-05. 

(a) include the following additional information in the continued 
item entry in double apace block letters s 
OKI SENT 

This entry advises that it is a restricting Item and confirms 
that a telex message has been sent per item (2) above. 

NOTE: This is necessary in order that the aircraft may be 
restored to normal scheduling pattern. 

(6) Sample raes.sage; QF QXIOWPA, QXMl-n-IPA 

.BEYHMPA 011519 

N732PA RELEASED FLT 00201 Wini CENTER TANK 
FUEL BOOST PUMP INOPERATIVE. MEL 28-2. 


7P1 

EFFECTIVITY 


ALL 


1 - 5-5 

Page 1 

Deo e/76, Kug-ag/75 
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AiRUNE MANUALS SYSTEM 
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v>^ 


B, When corrective action has been accomplished on an Item which caused 
aircraft schedule restriction, Maintenance will inmedlately notify 
affected functions as follows: 

(1) Prepare a wire message addressed to QXIOWPA and QXMMMPA as out- 
lined in 2. A,, (1) thru (4). 

(2) Enter corrective action in Continued Item section of Aircraft « 

Maintenance Log, TOM 15-10-05. 

(a) Indicate in corrective action entry that the required m’^asage has been 
sent by the following statement in double space block letters t 

QXI LIFTED. 

(3) Sample message: QF QXIOWPA, QXMMMPA 

.THRMMPA 021535 

N732PA PLT 00201 CENTER TANK FUEL BOOST I 

PUMP REPLACED SYSTEM CHECKS OK, I 

3, Conditions Which Hay Result In Restricted Flight Assignment | 

A. The following is a list of systems and units which, when partially or ! 

wholly Inoperative or replaced by substitute units, can cauae an aircraft | 

to be operated with restricted flight assignments, | 



1 “ 5’5 

Page 2 

Dee H/76, Bai»-aa/?4 


EFFECTIVm 


ALL 
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SYSTEM 


747 MAINTENANCE MANUAL 



POSSIBLE 

REFERENCE RESTRICTION 


21 AIRCONDXTIOHIKG & 
PRESSURIZATION 


Outflow Valves • 
Cabin Pressure 
Automatic 
Manual Coi 

lontrol System - 
Control 
itrol 

1-5-0 

i *■ 

May restrict to unpreasurized flight 
and limit lower cargo compt. loading. 

Cabin Alt, Warn: 

ng Horn System 

1-5-0 

Limits flight altitude 

Main Equip, Ctr, 
Control Valve 

Cooling Flow 

1-5-0 

Reduces range over water. 

Flight Deck Equip. Cooling 
Dump Valve 

1-5-0 

Reduces range over water. 

Galley/Lav Vent 

Valve 

1-5-0 

Limits flight altitude. 

Cabin Pressure Relief 
Flapper Doors 

1-5-1 

Reduces performance and structurally 
limited weight requirements. 

Ram Air Outlet Assemblies 

1-5-1 

Reduces performance and structurally 
limited weight requlrenients. Affects 
fuel requirements. 

Aft Cargo Heating System 
Inoperative 

NONE 

1-5-0 

Prohibits carriage of live animals. 

Ram Air Inlet Doors 

1-5-1 

Reduces performance and structurally 
limited weight requirements. Affects 


fuel requirements. 

Ram Air Vent Heater 1-5-0 Affects crew equipment for cold air. 

(200C and lOOF) 


22 AUTO FLIGHT CONTROL 

Auto-PLlot (See Section 4) Affects landing minimuras. 

1-5-0 


Autopilot Disengaged Lights 1-5-0 May restrict use of AutoXand 

operation. 


' 

I-.IFECTIVITY 


ALL 


1-5-5 


Page 3 
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SYSTEM 
33 LIGHTS 


POSSIBLE 

REFERENCE 

RESTRICTION 

Passenger Notice Signs 

1-5-0 

Affects Passenger Seating/Notification 
requirements. 

Wing Illumination Light Covers 

1-5-1 

Reduces performance and structurally 
limited weight requirements. 

Overwing Bnergency Light Covers 

1-5-1 

Reduces performance and structurally 
limited weight requirements. 

Wing Illumination Light 

1-5-0 

Requires portable lamp for night 
operations in icing condition. 


Affecta weather mlnlmunia. 

Affects weather rainlraums. 

Affects weather mlnlmums. 

Affecta operating routes. 

Qiangea route to avoid hazardous 
weather. 

Requires extra fuel for alternate. 

Affects ILS mlniinutns. 

Affects weather miniraums. 

Requires notification in flight 
plan. 

Changes route if predicated on INS. 
Limits flight altitude. 


34 HAyiGAHON 

Flight Director Systems 1-5-0 

Master Instrument Warning Sys. 1-5-0 

Flight Mode Annunciator 1-5-0 

Distance Measuring Equip, 1-5-0 

Weather Radar 1-5-0 

ADF Radio Compass 1-5-0 

VHF Navigation Receivers - VOR/iLS 1-5-0 

Low Range Radio Altimeter 1-5-0 

ATC Transponder (and Altitude 1-5-0 

Reporting System) 

Inertial Navigation System 1-5-0 

(Navigational Info Only) 

Mach Indicators 1-5-G 



A 
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POSSIBLE 

SYSTEM 

REFERENCE 

RESTRICTION 

34 NAVIGATION (Cont’d) 



Mach/AiL'speed Warning System 

1-5-0 

Restricts airspeed. 

Standby Attitude Indicator 

1-5-0 

Affects VFR flights. 

Magnetic Heading Reference 

1-5-0 

Affects IFR and VFR flight. 

System 



Central Air Data Computer 
Systems 

1-5-0 

Limita flight altitude. 

Automatic Altitude Reporting 

1-5-0 

Same as for ATC -Transponder 

35 OXYGEN 

Passenger and Crew Oxygen Sys, 

1-5-0 

Limits flight altitude. 

Portable Oxygen Bottles 
(Bottle and Mask) 

1-5-0 

Limits flight altitude. 


36 pneumatic SYSTEM 




Bleed Air Precooler Systems 
(Temp, control function) 

1-5-0 

Restricts flight operation 
icing conditions. 

into 

Intermediate Bleed Check Valves 

1-5-0 

Restricts flight operation 
icing conditions. 

into 

Engine Bleed Air Systems 

1-5-0 

Restricts flight operation 
icing conditions. 

Into 


ORIGINAL PAGE IS 
OP POOR QUALrnr 


EFFECTlVm 


1 - 5-5 

Page 9 

Oct 25/7^, 


ALL 
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(c) 1 each Monitor and Logic Unit. 

(d) 1 each Mode Select Panel, 

(e) 1 each Automatic Stabilizer Trim Unit. 

(f) ' 2 each IIZ-61' indicators (with Flight Director and expanded 

localizer needles). 

(g) 2 each Flight Mode Annunciators. 

(h) AFCS Accy Boxes #1 and il2 and Stab Trim Accy Box, 

(3) Low Range Radio Altimeter Systems. 

(a) A Decision Height (DH) light for each pilot's panel. 

(b) 2 each low range altimeter systems. 

(4) Central Air Data Systems. 

(a) 2 each Central Air Data Systems. 

(5) Rain Repellent Systems. 

(6) Central Instrument Warning System. 

(a) 1 each CTWS Computer, 

(b) 2 each Warning Light Modules. 


1-5'5 

j Page 14 
j Oct 12/73, 


EI'TKCTIVITY 


Kay-ll/?3 


ALL 
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' r<R Am 747 Aircraft Optratlng Manual 


LIMITATIONS 214.000 p 1 


Mar 18, 1977 


Contents 


214.010 


P 1 
2 


3 

g 

10 

11 

13 

15 

17 

20 

23 

26 

28 

29 

31 

32 
36 

38 

39 

40 


41 

42 

43 

44 


Minimum Equipment List (MEL) 

For items in nonobvious locations, 
see reverse side. 

General 

Responsibility 

Action 

Releasing Aircraft With Items 
Inoperative 
Definitions 

Weight land Fuel Penalties 
Pan Arn Additions 
Airconcjitioning 
Automatic Flight Controls 
Communications 
Electrical Power 
Equipment Furnishings 
Fire Protection 
Flight Controls 
Fuel 

Hydraulic Power 

Ice & Rain Protection 

Instruments 

Landing Gear 

Lights 

Navigation 

Oxygen 

Pneumatic System 
Airborne Auxiliary Power 
Doors 

Engine Fuel & Control 
Ignition 
Engine Air 
Engine Controls 
Engine Indicating 
Engine Exhaust 
Engine Oil 
Engine Starting 
Engine Water Injection 


214.020 

P 1 

2 

3 

4 

7 

8 

10 

11 

12 


Configuration Deviation List (COL) 

Purpose 

Applicability 

Action Required 

Index 

Airconditioning 
Communications 
Flight Controls 
Fuel 

Landing Gear 

Lights 

Doors 

Nacelles/Pylons 
Vertical Stabilizer 
Vi/ing 
Exhaust 


.040 Certificate Limitations 

p 1 FAA Limitations 

8 Maximum Airspeed Limits 


.041 Airspeed Data 

p 1 Speed Placard 
2 Stall Speeds 


For 

Refer to 

Section 

SP Certificate Limitations 
200c Certificate Limitations 
100F Certificate Limitations 

Supplement 

Supplement 

Supplement 

244.040 

254.040 
254.045 


OEiaiNAL PAGB IS -- 

Of POOR QUALTTXi 214.000 pi 
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Pan Am 1*7 Alrctalt Operatlnj Manual 




214.000 p 2 LIMITATIONS 


,'^'ntents 


Feb 23, 1977 


LOCATION GUIDE FOR 
MEL ITEMS IN NONOBVIOUS LOCATIONS 


ADI 34-13 

Airspeed Indicator 34-1 

Altimeter 34-4 

Altitude Alert 34-28 

APU Bleed Valve 36-12 

APU Fuel 28-16 

APU Generator ... 24-1 

Autobrake 32-23 

Autopilot Disengage Lights 22-2 

Autopilot Disengage Switch 22-1 

Autopilot Progress Lights 34-19 

Brake Gaga 29-11 

Cargo Airconditioning 21-53 

Cargo Heat, Aft 21-41 

Cargo Heat, Fwd 21-41 

CAS (In airspeed indicator) 34-1 

Compass ..34-16 

Door, Cockpit. . 25-2 

Doon Crew Service 25-11 

Doop Latches and Hinges, Cargo 52-3 

Door, Main Entry 25-10 

Door Mode Selector, Main Entry. 52-8 

Door Slop Fitting, Crew Service 62-10 

Door Slop Fitting. Main Entry 52-9 

Door Stop Pins, Cargo 52-4 

Door Warning Lights 52-1 

Equipment Cooling 21-33 

Flight Mode Annunciator 34-19 

Flight Director 34-12 

Flight Director Progress Lights 34-19 

Flight Idle.,.. 76-3 

Flight Recorder 31-2 

Fuel Heat 73-1 

Galley/Lav Fan 21-46 

Galley Power 24-21 

Ground Idle Light 76-2 

Ground Proximity Warning System 34-32 

High-Stage Valve 36-1 

Hydraulic EDP Depressurization 29-1 


IAS Bug 22-5 

INS, Attitude •. 34-10 

INS, Blower 21-3<i 

INS, Navigation 34-2? 

Instrument Warning Systems 34- *8 

Leading Edge Overheat 26-22 

Macti/Airspeed Warning. 34-3 

Machmeter 34-2 

Marker Beacon 34-25 

Megaphone. 25-3 

Overrotation Warning •. 27-12 

Preoooler, Engine 36-2 

Pressurization 21-22 

Pylon Bleed Air Valve 36-5 

RABS 78-6 

Radar 34-23 

Radio Altimeter 34-29 

Ram Air Vent, cargo 21-51 

Reversers, Engine 78-1 

Static Air Temperature Indicator 34-8 

Seats, Attendant 25-5 

Seats, Crew 25-13 

Selcal 23-8 

Shoulder Harness 25-4 

Slide, Crew Service Door 26-11 

Slide, Main Entry Door 25 10 

Smoke Barrier, Upper Deck Stairs 25-9 

Stall Warning 27-8 

Standby Horizon 34-11 

STP System. . 26-16 

Takeoff Warning 27-3 

Total Air Temperature indicator 34-9 

Transponder 34-26 

True Airspeed 34-1 

Vertical Speed Indicator 34-33 

Voice Recorder 31-3 

Weight and Balance System (OBAWS) 31-4 

Wing isolation Valve 36-14 

Yaw Damper 22-3 


214.000 p 2 
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. P»n Am 747 AlictJll Oputiting Minuil 


UMITATIONS 214.010 and MM 1-5-0 p 1 


Oct 28,1976 


Minimum Equipment Li«i ?MEL) 


AIRCRAFT MINIMUM EQUIPMENT LIST (MEL) FOR FLIGHT RELEASE 
ATA CHAPTERS 


21— AIRCOND1TIONINQ& PRESSURIZATION 30— 

22— AUTOPILOT 31— 

23— COMMUNICATIONS 32- 

24— ELECTRICAL POWER 33- 

25— EQUIPMENT & FURNISHINGS 34- 

26— FIR E PROTECTION 35- 

27— FLIGHT CONTROLS 36- 

28— FUEL 43- 

29— HY DRAU LIC POWER 52- 


ICE & RAIN PROTECTION 73- 
INSTRUMENTS 74- 

LANDING GEAR 75- 

LIGHTS 76- 

navigation 77- 

OXY6EN 78- 

PNEUMATIC 79- 

AIRBORNEAUX POWER 80- 
DOORS 82- 


■ ENGINE FUEL & CONTROL 

• ENGINE IGNITION 
-ENGINE AIR 

• ENGINE CONTROLS 

- ENGINE INDICAT-NG 
-ENGINE EXHAUST 
-ENGINE OIL 
-ENGINE STARTING 

- ENGINE WATER INJECViO 


GENERAL 

An airplane l 3 type' oertificaled with all required 
equipment In an operating condition. However, the 
FAA permits revenue dispatch with some of these 
Items Inoperative when the remaining operative 
instruments and equipment provide for continued 
safe Operations. 

This section lists Instruments and Items of 
equipment which the FAA allows to be Inoperative, 
and highlights some of the units and systems which 
must be operative. 

For the sake of brevity, the MEL does not include 
obviously required items such as v/ings, rudders, 
flaps, engines, landing gear, etc. Also, the list does 
not include items which do not affect the 
airworthiness of the aircraft such as galley 
equipment, entertainment systems, passenger con- 
venience items, etc. However, it is Important to note 
that all items which are related to the airworthiness 
of the aircraft and not included on the list are 
automatically required to be operative. 

An Inoperative instrument or Item of equipment not 
listed in this publication on which there may be a 
question of airworthiness Is to be referred to tht 
appropriate Operations Headquarters authority 
through NYC Technical Operations Control Center 
{Tech Center). 

Training and ferry flights may be dispatched, when 
necessary, with less than the equipment herein 
specified provided alt equipment required to assure 
airworthiness and all equipment expected to be 
utilized on the flight Is operable. This determination 
will be made by the appropriate Operations 
Headquarters Authority. 


RESPONSIBILITY 

It shall be the joint responsibility of the incom' ig 
captain, flight engineer, and senior malnlenam.e 
supervisor to determine thatall required maintenance 
is programmed prior to next flight. The minimum 
equipment list is designed to provide coverage fo' 
individual inoperative items in non-re!aled systeu'i. 
No publication can adequately coverlhei inumeraL r 
combinations of multiple discrepancy items whtcn 
iiiay lequire attention m oiJur to conduct a Mig.nt 
safely, it is particularly in this area of multiple 
diccrepancies and especially discrepancies ir 
related systems, that good judgment, bused on the 
circumstances of the case, including climatic anc. 
enroute coneJilions, must be used in deciding lo 
hold or release a flight. The decision of the captain 
In command of tlie tlighl to have allowable 
inoperative items corrected prior to flight will lake 
precedence over the provisions contained m th'c 
publication. 

ACTION 

When the airplane is to be operated with any 
instrument or item of equipment inoperative, inf' 
pilot in command shall comply with the approvi d 
procedi.. s specified in the Aircrall Operaiinri 
.Manual for such operation. 

Appropriate action must be taken to assure that no 
secondary hazard can be inlioduced by an inoperative 
component. Therefore, the cause of the trouble ir.ijc 
be neutralized, if necessary, by disconnection o 
removal in order lo eliminale any further fail'jres n 
the system Involved. 

Inoperative nr malfunctioning instruments or Items 
of equipment must be adequately placarded at the 
appropriate control or instrument. An entry shall 
also be made in the appropriate section of the 
Aircraft Maintenance Log detailing any inoperative 
instrument or Item of equipment. The Conlinund 
Item entry must Include instructions to nofify 
interested groups when continued item has been 
corrected; (MM 1-5-5 and FOM chapter 8, Aircraft 
Airworthiness). 214.010 ami MM 15-0 p 1 


OMGINAI, PAGE B 
OP POOR QUALm; 
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p^n Atn 747 Alrcuft Opeiillnj Minunl 


214.010 and MM 1-5-0 p 2 LIMITATIONS 


Minimum Equipment List (MEL) 


Oct 28. 1976 


RELEASING AIRCRAFT WITH ITEMS INOPERATIVE 
If a (lighl is to be released with an inoperative (inop) 
item or Items, the flight engineer will advise all other 
crewmembers whose work may be affected In any 
way by the inoperative Item. The senior maintenance 
supervisor shall notify the Operations office who 
shall notify the next responsible dispatch center of 
Items affecting clearance or passenger service. See 
MM 1-5-5 for notification requirements for Release 
of Jet Aircraft with Restricted Flight Assignments. 

DEFINITIONS 

• Extended ovarwater operation means a flight 
conducted over water at a distance in excess of 50 
nautical miles from the nearest shore line. 

• VFR flight conditions means VFR atmospheric 
conditions for the area of flight and does not 
pertain to the dispatch release, flight plan or 
clearance. 

• Icing condition means the atmospheric environ- 
ment Is such that ice can form on the aircraft or in 
the engine. 

• inoperative means any time a system and/or 
component malfunctions to the extent that it does 
not accomplish its intended purpose and/or is not 
consistently functioning within Its designed 
operating limlt(s) ortolerance(s). 

WEIGHT AND FUEL PENALTIES 

Several MEL items require reduction of takeoff, 
landing and enroute weights and the addition of 
extra fuel. The application of these weight and tuel 
penalties is described below. 

takeoff WEIGHT PENALTY 
The takeoff weight penally is subtracted from the 
performance limited TOGW (not the max structural 
TOGW). With long runways and/or cool OAT's, the 
performance limited TOGW can be high enough to 
absorb the weight penalty and still permit takeoff at 
the maximum structural TOGW. 

• If the MEL item specifies only one takeoff weight 
penalty, it Is subtracted from both the TOGW 
limited by runway and TOGW limited by climb. 

• Soma MEL items specify one takeoff weight 
penalty for TOGW limited by runway and another 
for TOGW limited by climb; In this case, subtract 

1_^ each penally (rom related TOGW, 


2H.010p2and MM 1-5-Op 2 


LANDING WEIGHT PENALTY 
The landing weight penally Is subtracted from the 
performance limited LGW (not maximum structural 
LGW). With long runways and/or cool temperatures, 
the performance limited LGW can be high enough to 
absorb the weight penalty and stlii permit landing at 
the maximum structural LGW. 

• When the penalty Is given in pounds, it is 
subtracted from the LGW limited by climb (not 
LGW limited by runway). 

• When the penalty Is given in feel, it Is subtracted 

from the available landing field length (or added to 
the required landing field length) on the LGW 
Limited by Runway chart. J 

ENROUTE WEIGHT PENALTY 

The enroute weight penalty is applicable to flights 

that are forecast to be longer than three hours. 

The weight penalty Is subtracted from the “Enroute 
Limitations (formerly 2 Engine Enroute) max DTW" 
as published in the R^ule and Airport manual "T" 
page for the particular route sector. If there Is no 
"Enrouto Limitations max DTW” published lor the 
particular route sector, subtract the weight penalty 
from the maximum structural 2FW. +• 

FUEL PENALTY 

The tuel penalty Is the percentage of total required 
fuel that must be added, Total required fuel consists 
of estimated fuel burn plus reserve (excluding laxt 
and storod fuel), in calculating max TOGW lor the 
case where TOGW is limited by max Landing Weight 
(max TOGW = max Landing Weight -i- estimated 
Fuel Burn), be sure that this estimated fuel burn is 
Increased by the percentage of fuel penalty, 
otherwise a payload penally could result. 

PAN AM ADDITIONS 

This section contains information beyond that 
required by the master FAA Minimum Equipment 
List, Identified as follows; 

• (•) Asterisk indicates a Pan Am item not included 
In the master FAA Minimum Equipment List. 

• QXI Reqd is an Hem tliat may restrict dispatch or 
downline schedules. A QXI Required item must be 
transmitted to downline stations, to NYC Tech 
Center, and a logbook notification made by 
Maintenance as indicated In MM 1-5-5. 

• Notify NYCM J indicates an item that the Technical 
Operations Control Center (Tech Center) wants to 
be aware of for planning purposes, it entered on 
the Continued Item sheet. It should be brought to 
the attention of maintenance at the next station 
lor transmission to the Tech Center. 
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LIMITATIONS 214.010 and MM 1-5-0 p 9 


Feb 23, 1977 


Minimum Equipment List (MEL) 


SYSTEM OR UNIT a NUMBER INSTALLED 


21 AFT CARGO 

AIRCONDITIOMNG 


REQUIREMENTS FOR FLIGHT 


-54 Alt Cargo Airconditioning 
Trim Air Modulating Valve 
Position Indication (74 'SP) 

-55 Aft Cargo Aircondition ng 

Compt and Duct Tempi rature | 
Indications (7475P) 

-56 Aft Cargo Airconditioning 
Overheat Protective System 
(747SP) 


May be Inop. 


May be inop provided: 

- Duct overheat protection system is inoperative, OR 

- Trim air modulating valve is kept in full cool (closed) position. 

May lie inop provided: 

— Duct temperature indication is operative, OR 

— Trim air modulating valve is kept in lull cool (dosed) position. 


22 AUTOMA TI C FLIGHT 

control ' 

— 1 Autopilot System 2 

(0X1 Reqd) 


-2 Autopilot Disengaged Lights 2 

See 34-10 for Progress Display 
Lights 

-3 Yaw Damper 2 

-4 Auto Throttla 1 

-5 Airspeed Command Bugs 2 

-B Not Applicable 

-7 Autoland Bias Actuator 1 

(747SP aiitoland only) 


One may he inop. Any mode which functions normally may be used 

— One required lor CAT it operation to 1600 RVR; two required lor CAT II 
operation to 1200 RVR. See RAM 1/301 and 1/401 1747) for ciltier CAT II 
requirements. 

□nu control wheel disengage switch may be inop provided the autopilot is not 
utilized below initial appioach altitude. 

Both lights must be operative for auloland operation (747SP: four lights) 

— One light must be operative for all other autopilot modes or fuiiclinns. 
(747SP: one light lor the autopilot being used.) 

— All lights may be mop if the autopilots aic not used. 

One may be inop. 

^ay be inop. 

First officer's bug may be inop. 

Captain's bug may be inop provided autothrottie not used. 

Use the white airspeed bugs if the command bug(sj is inop. 


May be inop and autoland used, provided the flare and touchdown are 
controlled manually. 


214.010 and MM 1-50p9 


original PAGE® 

OF POOH QUALm 


333 



Pan Am 747 AlrerjU □parizli'9 Manual 


LIMITATIONS 2'|4.01Q and MM 1-5-0 p IT 


O t2B 197S Minimum E quipment Lis t (M£L> 


SYSTEM OR UNIT*. NUMBER INSTALLED 

REQUIREMENTS FOR FLIGHT 

2B FIRE PROTECTION \ 



-18 thru -21 Not Applicable 



-22 Wing Lesaing Edge Overheat 
Warning System 


The two detectors in each pylon (if Installed) may be Inop. The remainder of the 
system must be operative (747SP and 200Cr Test B may be inopi- 

-23 Master Fire Warning Lights 
(forward glareshield} 

2 

One may be inop provided all other fire warning devices, both visual and aural, j 
are fully operative. The airplane may not depart a station where repairs or 
replacements can be made. 

if the belt reset feature is also inop. flight engineer must be prepared to stlcnre 
the fire bel! from his station if the pilot cm the operative side is aostiit. 

—24 Lower Cargo Smoke Detector 
No-Airflow Light (747SP| 

1 

May be inop provided: 

- System is chucked before each flight, AND 

- Smoke is introduced into fwd or alt cargo sampling orifice and normal 
warning indication verified. 

—28 Auto Discharge Fire 

Extinguishing (747SP lavs) 

— 

May be inop. 

27 FLIGHT CONTROLS 



—1 Control Surface Position 
Indicating System 

1 

May be inop provided a positive visual check of affected surface movement is 
made prior to departure. 

—2 Leading Edge Flap Position 
Light Systems 
(Notify NYCMJ) 

2 

Amber light on the fwd panel, must he operative. 

Green light on the fwd panel, may be inop provided the leading edge flaps 
module on the flight engineer's panel is completely operative. 

Leading edge flaps module nn the flight engineer’s panel, may have either the 
amber nr green ligiit inop for each flap segment, provided both fwd panel 
lights (amber and green) are operative. 



With any light inop, monitor the operative lights on the flight engineer's panel 
when transitioning to (laps 0, 1 or 5. 

-3 Takeoff Warning Horn System 

1 

Must he operative, (747SP: sea 27-22 for partially inop stabilizer portion) 

—4 Hydraulic Power Valve Closed 
Lights 

8 

One per axis may be inop provided the related valve Is veiified in the open 
position prior to initial departure. 

- To verify wing valves, sea MM 27-13-01. 

— To verify tail valves, see MM 27-23 01. 

-5 Hydraulic Power Valves 

8 

May be inop in open position, 

- To verify valve position, see item 27-4 above for MM reference. 

—6 Stabilizer Brake Rel Lights 

2 

May be inop. 

—7 Lateral Trim System 

1 

May be inop provided: 

- One autopilot is operative, AND 

- Lateral trim system is centered. See MM 27-11-00. 

-8 Stall Warning System 

1 

Muse be operative. 


214.010 and MM l-5 0p 17 
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P«n Am 7«7 Atrcritt Optr»tlng r.Umi>l 


214.010 a nd MM 1-5-0 p 28 LIMITATIONS 
Minimum Equipment List (MEL ) 


{ YSTEM OR UNIT 5. NUMBER INST ALLED 

' — V 

30 ICE & RAIW PROTECTIONN 

-1 2 Number One Window Heat 
Override Function 

—13 Window Heat Power tights 


Deo 16, 1976 


-14 Window Heat Overheat 
Test Feature 

-16 Rain Repellent Systems 
(QXI Reqd) 

-16 Windshield Wipers 
(QXI Reqd) 

-17 Windshield Washer Systems [ 2 

I -18 Windshield Air (Anti-Fog) I 1 
System 

( 31| INSTRUMENTS 

-1 Clock I 2 

-2 Flight Recorder 1 1 

(Notify NYCMJ) 

—3 Voice Recorder 
(Notify NYCMJ) 


-4 Weight and Balance 

Indicator , 

(QXI Rc«d for 100F it 2IXX1) 


-5 Not applicable 


214,010 and MM 1-5-Op 28 


REQUIREMENTS FOR FLIGHT 


May be inop. 

tights for windows No, 1 and No. 2 may be loop provided window heat 
functions properly prior to each takeoff. 

tights for No. 3 windows may be inop. 

Not required for Inop No. 1 or No. 2 window heaters. 

May be inop. 

May be inop provided airplane is not operated in precipitation within airport 

-*Bot "systems required for CAT II operation with moderate to heavy rain. 

May be inop provided aircraft is not operated In precipitation within airport 
traffic areas. 

May be inop. 

Must be operative. 


One must be operative. 

Jn event of malfunction or failure of the flight recorder, the airplane tnay 
continue the flight or series of flights, but may not depart a station where 
repair or repiacements can be made. 

In event of malfunction or failure of the voice recorder, the airplane rnay 
continue the flight or series of flights, but may not depart a station where 
replacements can be made. 

Passenger Airplane: May be inop (presently deactivated) . 

Cargo Airplane: May be inop with no restrictions if pallets/containers ere weighedj 

l^f palteK/co^iners are not weighed by Pan Am. reduce performance limited 
TOGW by 20,000 lb. 

-See AOM/ALM2B2.1QS (200C), 252.705 (100F). 


OBIGINALTf®* 
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Pdn Am 74/ Atrcuft M«nuji 


214.010 and MM 1-5 0 p -32 LIMITATIONS 


Minimum Equipment List (MEL) Oct 28, 1976 


SYSTEM OR UNITS. NUMBER INSTALLED 

REQUIREMENTS FOR FLIGHT 

33 LIGHTS \ 



-9 Anti -Collision Lights 
(QXI Reqd) 

2 

May be Inop for day operations. 

-10 Wing Illumination Lights 

2 

May be inop for day or night operations provided a portable laiTip is available 
for night operations in icing conditions. 

-11 Position Lights - Wing Tips 
and Tail (QXt Reqd) 

4 

May be inop for daylight operations. 

- One of two tail lights may be inbp for night flight. 

—12 Exterior Emergency System 
Lights |QXI Reqd) 

1 

May be inop for daylight operations only. 

—13 Interior Emergency System 
Lights 

1 

A random 25% of lights may be inop provided: 

— The inop lights are not adjacent, ANO 

— At least two of the three lights at each entry door are operative. 

—14 Logo Lights 
34 NAVIGATION 

2 

May be inop. 

-1 Airspeed Indicators 

- 

True Airspeed (TAS) and Computed Airspeed (CAS) may be inop. 

—2 Mach Indicators 
(one Inop, Notify 
NYCMJI 

(two inop, QXI Reqd} 

2 

One may be inup. 

— Altitude must be limited to a maximum of 29,QD0 ft if failure of the second 
indicator occurs in flight. 

Two may be Inup provided; 

— Airplane altitude is limited to a maximum of 29,000 ft, AND 

— A placard which sets forth this limitation is affixed to the instrument panel. 

See AOM 213.030 lor lAS-Mach conversion chart. 

-3 Mach/Airspee'd Warning 
System (QXI Reqd) 

1 

When an aural warning sounds ea.fy, the airplane must be operated at speeds 
below this warning indication. 

- Fifth-pod, gear down or auxiliary fuel airspeed warning system, if installed onti 
operative, may be used in lieu of the iiannal mach/airspeed warning system. 
The speed at which the substitute warning sounds must be observed as limit 
airspeed. 

•4 Altimeter (servo-pneumatic) 
(Pan Am standard) 

2 

One required at each pilot station. 

- In standby mode, use AOM 207 .OSS for altitude correction. 

-5 Altimeter (electric) 
(AA 123F only) 

2 

One required at each pilot station. 

-6 Altimeter (standby pneumatic) 
(AA 123Fonly) 

1 

Must be operative. 
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Pin Am 747 AlrcrtU Opiratlng Manuil 


LIMITATION S 2 14.010 a nd MM 1-5-O p 33 


Oct 28, 1976 Minimum Equipm ent List (MLL) 


SYSTEM OR UNITS. NUMBER INSTALLED 

1 

REQUIREMENTS FOR FLIGHT 

34 NAVIGATION 
-7 Altimeter Vibrator* 



One may be Inop provided related air data computer is operative. i 

May be Inop provided VFR conditions exist at departure and arrival airports. j 

a. Servo-pneumatic alti 

b. Not Applicable 

c. Standby pneumatic 
altimeter 

meter 

2 

1 

-8 Static Air Temperaturt 
Indicator 


1 

May be inop providerf total air temperature indicator is operative. j 

-9 Total Air Temperature 
Indicator 


1 

May be inop provided static air temperature indicator is operative. ^ 

t 

-10 ADI Bank-and-Pitch 
Functions (Horizon 
Indicators} 


2 

Bank and pitch functions must be operative in both ADI's, AND 

— At least two INS systems must bo operative in NAV or ATT mode, AND * 

— Each .AD! must be supplied by a diflerent INS system. AND 

— See item 34-1 1 Stanilby Attitude Indicator for other requirements. , 

-1 1 Standby Attitude Indicator 
(Standby Horizon} 

(□XI Reqd) 

1 

1 

May be inop provided: , 

— Operation Is limited to day VFR conditions only, AND i 

— Three INS systems are operative in rv a v or ATT mode, AND j 

— Altitude transfer switching to each pilot's ADI is niiurative, AND 

— At least one AD! has an operative rate-of-iorn indication. 

! 

The airplane may continue the flight or series of flights but may not depart a | 

station where repairs or replacements can lie made. j 

—12 Flight Director Systems 
(ali inop, QXI Reqd} 

(one inop. Notify NYCMJ/ 

3 

All may be inop provided the visibility at the destination is forecast to be otic i 

mile or more. 

- If the visibility at the destination is forecast to be less than one mile, at least 
one flight director system with dual displays must be operative. 

-13 ADI Turn & Bank (Slip) 
Indications 

2 

Rute'of'turn indication may be inop in both ADI's provided the standby j 

attitude indicator (standby horizon) is operative. 1 

— Sea item 34-1 1 Standby Attitude Indicator for other requirements. j 

—14 ADI Test Switch 


2 

May be inop. j 

“1B ADI Slow/Fast indicator 

2 

May be inop. ! 

-16 Magneti;; Heading Reference 
Systems - MHRS (Compass 
1 and 2) 

(□XI Ri qd) 

2 

One may be inop for IFR conditions provided: 

— Both HSl compass cards arc operative, AND 

— Operative compass system can be transtetred to the HSl and RMl on the j 

inop side, AND i 

— True heading is available from the INS on the inop side. 

One may be inop tor VFR flight conditions provided the operative compass 
system can be transferred to the HSl or RMl on the mup side. 

—17 Magnetic Standby Compass 
(Notify NYCMJ} 

1 

May be inop provided: 1 

— Both compass ! and compass-2 systems are operative, AND j 

— Three INS's are operative, at least one providing true heading, AND 

— The airplane may continue the lllghi or series ol flights but may .not depart 

a station where repairs or replacements can be made. j 

.. 1 
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P»n Am ArrcMlt Op«ratln9 Manual 


214.010 and MM 1-5-0 p 34 LIMITATIONS 


Minimum Equipment List (MEL) 


Oct 28, 19-3 


SYSTEM OR UNIT&NUMBER INSTALLED 


34 NAVIGATION 


REQUIREMENTS FOR FLIGHT 


-18 Master Instrument Warning 
Systems (QXt Reqd] 


May be inop except for CAT II operation. 


-19 Flight Mode Annunciator 
(QXI Reqd) 


May be inop except; 

- if the autopilot and/or flight director Is to be used in ILS or land mode, 
the lights associated with the mode to be used must be operative. 


-20 Central Air Data Computer 
Systems (CAOC) 

(Notify NYCMJl 


2 


One may be inop provided following systems arc operative; 

— TAT gage if CADC-2 is inop. 

— Altimeter vibrator on the side with the inop CAOC, 

— Mach indicator on the opposite side or altitude is limited to 29.000 ft, 

— Related autopilot is available except for altitude, IAS, and V/S control. At 
glideslope engage, initial pitchover may be more abrupt than normal 

(for 8-10 seconds) 

— Automatic altitude reporting (or check Item 34*26). 

— Ground proximity warning test normal (or cheek item 34-32 ). 


-21 VHF Navigation Recelvars- 
VOR/ILS 
• (QXI Reqd) 


Two VOR systems must be operative. 

Both ILS systems may be loop excupt- 

- One must be operative for CAT I operation. 

- Two must be operative for CAT II operation. 

VOR and ILS test switch may be inop. 

200C: VOR-3 may be inop or may be used to meat any of the requirements 
above. 


-22 DME Systems 
(QXI Reqd) 


2 Both may be inop except; 

— One must be operative for operation in the continental U.S., Alaska anrf 
Hawaii. 


-23 Weather Radar 

(both inop, QXI Reqd) 
(one Inop, Notify NYCMJ) 


2 Operative weather radar is required for routes between the Tokyo and 
Anchorage FIR'S if the route flown is north of NOPAC 1. 

One system required when current weather reports indicate thundeistc.ms or 
other potentially harardous weather conditions, which can be detected by 
airborne weather radar, m.ny be expected along the route to be flown. 

Under the following conditions, inop weather radar may be continued to the 
next scheduled stop where parts are available and repairs can be made: 

- If no poientialty hazardous weather conditions detectable by radai are 
forecast for the ruuie to be flown, OR 

— The aircraft can proceed through areas of hazardous weather under day 
VFR conditions, OR 

- The route to be flown is altered to avoid hazardous forecast weather 
without relyittg solely on the altitude capability of the airplane. 


i 


I 

{ 


i 

f 


I 


i 

I 


i 

\ 
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Pm Am 747 AIrcratt Oparitlni Manual 


LIMITATIONS 214.010 and MM 1-5-0 p 3E 


Minimum Equipment List (ME L> 


SYSTEM OR UNITiNUMEER INSTALLED 

requirements for flight 

34 NAVIGATION 



-24 ADF Radio Compasi 
(QXI Rcqd) 

2 

Two systems required over routes on wliich navigation is based on ADP, 

EXCEPT .... ' 

- system required over routes on which navigation is based on ADF, 

provided that the airplane is equipped with two operating VOR systems and 
VOR navigational aids are so located and the airplane so fueled that in case of 
failure of the ADF receiver, the flight may proceed safely to a suitable i 

airport by means of VOR aids and complete an instrument approach by use | 
of the remaining airplane radio system. j 

•26 Marker Beacon Receiver 

1 

May be Inop except where fan marker(s) are a required part of the airways or 

Insti ument approach system to be used. i 

-26 aTC Transponder and 

Altitude Reporting System 
(both sys inop, QXi Reqd) 
(one inop. Notify NYCMJ} 

2 

One required for all flights dispatched into positive control areas and terminal 1 

control areas (TCA's), EXCEPT that If inop, the requirement may be waived . 

by the inclusion of "Transponder Inop" (or "Automatic Altitude Reporting 
Inop") in the Remarks section of the flightplan. The airplane may continue the ! 

flight or series of flights, hut may not depart a station wliure repairs or replace- j 

ments can be made. j 

-27 inertial Navigation Systems 
(navigational info only) 
(lNS-3, Notify NYCMJ) 

1 INS-1 or 2 Nav mode 
inop, QXI Reqd) 

3 

1 

lNS-3 may he mop. ! 

INS-1 and INS-2 must be operative in NAV mode over any route for which 
INS navigation is required. 

— Over routes authorized for cockpit navjgctinn, INS-1 and INS-2 must be 
operative in at least ATT mode. 

See 34-10 for attitude 
requirements. 


NAV mode may be considered operative with all following functions mop; 

- Wind display inop on both CDU's. 

- Either TK/GS or DIST/TIME display inop on one CDU. 

- Alert light inop on one CDU, provided DIST/TIME is operative. 

- Up to four waypoint positions on each system. However, for autopiloi 
coupled operation, at least five consecutive waypoint positions must be 
operative. 

-28 Altitude Alerting System 
(Notify NYCMJ) 

1 

If inop, the airplane may continue the flight or scries of flights but may not 
depart a station where repairs or replacements can be made. 

-29 Low Range Radio Altimeter 

2 

No, 2 may be Inop, except two systems required for CAT II operation. 

(QXI Reqd) 


if No, 1 is inop, check limitation in 34-32 Ground Proximity Warning. 

-30 Radio Altimeter Altitude 
Display (in ADI) 

2 

May be inop. 

-31 Not Applicable 

—32 Ground Proximity Warning 
System (Notify NYCMJ) 

1 

In event of malfunction or failure, the airplane may continue the flight or serii-'i 
of flights hut may not depart a station where repairs or replacemetus can bo mnue 
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p»n Am J«7 Alrcwtt Opw«ll'i'- 


214.010 and MM 1-5-0 p 36 LIMITATIONS 

Minimum Equ ipment List (MEL) 

r —I 

'' SYSTEM OR UNITS. NUMBER INSTALLED 

34 NAVIGATION \ 

—33 "Vertical Speed IndicatorJ \ 2 Must be operative. 

(pilots') I 


Ocr 2'3, 1976 


REQUIREMENTS FOR FLIGHT 


35 OXYGEN 

—1 Pessengar and Craw Oxygen 
Systems 
(QXI Reqd) 


~2 Portable Oxygen Bottles 
(Bottle and Mask) 

(QXI Reqd) 

~3 Dual Oxygen Pressure 
Indicator 

((light engineer's panel) 


2 Crew system must be operative. | 

Passenger system may be inop at flight altitudes ol 10.000 it or below. 

See AOM 207.140 or MM 1'2-15-15 for minimum prcssuie requiremenl' ! 

_ See Aircraft Loading Manual 212.000 lor passenger mask requireinL-M.. ) 

- Must be operative for flight over 25,000 ft. i 

- See AOM 207.140 for number of buttles and minimum pressures 

1 May be inop provided all oxygen cylinder gages are checked to ensure press-. 1 

above the required amount. i 

See AOM 207.140 or MM 12-15-15 for minimum pressure requirements ; 


-4 Not Applicable 


V 36 PNEUMATIC SYSTEM 


-1 Hlgh-Stage Bleed Air Valves 


-2 Bleed Air Precooier System 
(temp control function) 
(QXI Reqd) 


-3 Engine Bleed Air Pressure 
Relief Valves 

-4 Engine Bleed Air Pressure 
Relief Lights 
(if installed) 

-5 Pylon Bleed Air Valves 


items -2, -5, -6 and -7 may not simultaneously affect more than one 
engine, and on romaining engines the starter valves must be opurathe. 
(Notify NYCMJ) 

4 One may be inop secured In the closed positf 01 er MM 36-1 1-05. . 

- Maintain at least 70% N1 on the affected ei >e whan in icing condition. 

4 One may be Incp provided: 

— Items 36 -5. B and 7 arc operative on other ihroe engines. Aivu 

- Flight is not operated in icing condition, AND 

- Related bleed air switch is kept in off position after engine start. ANU 

- Related nacelle anti-ice switch is kept in off position. 

4 One may be inop in the closed position provided the related high stage vd .e 
Is secured in the closed position per MM 36-1 1-05. 

'4 May be inop. 


One may be inop (secured in closed position per MM 36- 11 -04 after engine start). . 
provided items 36 -2, 6 and 7 are operative on other three engines. j 

- If only the start solenoid is inop, see MEL item 36-13. j 

- For Manual Start, see AOM 207.163 and MM 36-1 1-04. , . , i 

- Wing isolation valve switches must he in the open position for taKeoit anu t 

all flap operations, . , . I 

- APU may not he osfid for cabin ventilation and pressurization when maki o | 

a packs-off takeoff. j 


214.010 and MM l-S-0p36 
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PAN AM MAINTENANCE PROGRAM 


Introduction 

Pan Am's aircraft are maintained in a continuous state of 
airworthiness by means of scheduled and unscheduled maintenance. 
Scheduled maintenance consists of tasks scheduled at _ designated 
time intervals, component changes, scheduled inspections, 
and modifications. Unscheduled maintenance results from 
scheduled task findings, malfunction reports and condition 
monitoring. 

The Pan American Maintenance Program has been uniquely 
developed to meet the requirements of B747 -VC. Pan Am was 
the world's first 747 operator. Our fleet has accumulated 
nearly a million operating hours and is the largest 
world. It consists of passenger, cargo and SP aircraft. 

Pan Am has long reoognizea the importance of effective 
maintenance programs, both from safety and economic view- 
points. Consequently, it has established an organization to 
exclusively develop, impl 2 ment and maintain the maintenance 
program. 

The Pan Am Maintenance Program is FAA approved in accordance 
with FAA Advisory Circular 120-17. This allows Pan Am to 
add and delete items, change time limits and establish 
service patterns without prior FAA approval . 

are four fundamental parts in a maintenance program. 

These are : 

a) Development of the tasks and categorizing of 
the processes, i.e., on— condition, hard time, 
condition monitoring - 

b) The packaging of the items and developing a 
servicing pattern, i.e., whan, where, & how 
often the aircraft must be serviced to accom- 
plish these tasks. 

c) Monitoring. The development of an effective feed- 
back system to measure the effectiveness of the 
maintenance program. 

d) Adjusting of the program to respond to results of 
monitoring and to changes in operating requirements . 
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Discussion 


Development of the program 

The B747 maintenance program was developed using an MSG-2 
analysis. This program was part of the original FAA MRB 
program. As service experience was gained, new requirements 
became obvious and the program underwent substantial changes. 
The present program has been refined by experience gained in 
nearly a million operating hours. It is no longer controlled 
by the MRB program but is on Pan Am’ s FAA Approved Maintenance 
Program. 

The Pan Am approach to developing a maintenance program is 
to review each item both from the necessity and effective- 
ness standpoints and develop an optimum time limit. The 
items are treated independently of services. Each stands on 
its own technical justification. 

Packaging of items 

Once all the items have been established at their optimized 
time limit, they can be packaged in a manner which will meet 
the objectives of the operating plan. ^ Basically, Pan Am 
develops the maintenance program to fit into and to comple- 
ment the operating requirements. Pan Am does not take an 
aircraft out of service for maintenance except for heavy 
service. Routine maintenance is accomplished so as not to 
conflict v;ith operating requirements. Specifically, there 
is always an aircraft that overnights in New York. Proper 
scheduling insures that a specific A/C is scheduled into 
this slot to perform a service. 

The services consists of; 

- Transit; Prior to each flight. 

- A Service: More comprehensive. Includes some 

routine work items when aircraft are on the 
ground over four hours, 

- Base Check; Scheduled at 225+30 hours. Accomplished 

at Pan Am base, and includes non routine and 
routine work items. 

- B Check; Scheduled at 450+45 hours. Accomplished 

at Pan Am Base and consists of additional 
routine and non routine items. 
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- Heavy No specific time limit, includes the above 

Service: plus refurbishing, high time routine items, 

modifications and heavy structural inspection. 

Since the service schedule is designed to accommodate 
Pan Am operating requirements and since the individual 
items are not tied to specific services, the maintenance 
program is extremely flexible. It is readily revised to 
meet changes in operating requirements . 

The Pan Am "B" service concept is the result of an 
evolutionary process. The traditional servicing concepts 
employ letter checks at increasing intervals such as A, B, 

C, etc., checks at 175, 350, 1400 hour intervals respectively. 
Each higher letter check consists of larger and more complex 
service packages. Other than tradition, there is no technical 
justification for such rigid maintenance schedules. With 
these traditional concepts, a maintenance program is imposed 
upon operational requirements instead of being built around 
them. 

Pan Am analyzed the maintenance requirements vis-a-vis the 
operating requirements. The fallout of this analysis is a 
service concept whereby service packages of approximately 
equal manhours, elapsed time and work skills are developed 
to be performed at relatively small increments of time. 
Scheduling is based on total air time on the A/C rather 
than time since last service. The advantages of this are: 

- Assures "averaging” of specified service interval, 
i.e., no service time is thrown away. 

- Makes more A/C available for operations since no 
excess services are done. 

- Determines more precisely when services are required. 

Eases scheduling constraints. 

- Frequent servicing reduces unscheduled maintenance 
or surprises, and produces more timely feed-back to 
the system. 

- Better utilizes individual time limits. 

Monitoring: 


Any effective maintenance program requires good feed-back 
to measure how well it is performing. 
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COMPONENTS iVND PARTS - OVERHAUL AND RELATED WORK TIME LIMITS 


1. GENERAL POLICIES 

2. TIME LIMITS 

3. ENGINE LIFE LIMITS 

' 4, Deleted. 

1. General Policies 

A. Included herein are components, overhaul time limits and related 
work time limits. These data establish PAA approved time limits 
for overhaul and related work. Important "Condition Monitoring" 
items are listed in this publication. Components of lesser 
importance that are "Condition Monitoring" are not listed. 

B. A 90,000 hour time limit, when shown, is a temporary time limit used 
to satisfy EDP requirements until a technical time limit can be de- 
termined in accordance with the M-246 procedures. This procedure has 
been adopted in order to speed-up the listing of a new component in 
this publication for eff activity purposes. A technical time limit 
will supersede the 90,000 hour time limit in the near future. 

C. All reference to time limits means aircraft air time unless othemvise 
noted. 

D. C.M. signifies Condition Monitoring. O.C. signifies On Condition. 
(TOM 25-15-10) 

directly below those items that are listed as On Condition 
refer to the supporting work item. 

F. Publication reference shows applicable Maintenance Manual publication 
containing specifications. 

G. The results of the sampling program on landing gears will be reported 
to Boeing on forms 9242-3759 and 9242-3760, in the same manner as 
Structural Inspection Items. 

H. Time Record Type column shows time record requirement "On Condition" 
and "Condition Monitoring" items, as stipulated in TOM 10-60-70. 

I. Unless eff activity limitations are indicated, items are applicable 
to all airplanes listed under Section 2.B. 


EFFECTIVirr 


ALL 
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1 


I 

5 - 2-1 

Page 2 
Feb 15/76 


Intentionally left blank. 

In any item where a sajapling program is required, the sampling time 
limit is to be considered the limiting time limit, unless otherwise 
specified in this publication. 

Multiple Time Limit Program 
Description 

In order, to fully utilize the time limits, i.e., schedule as near to 
a limit as feasible, a multiple time limit is established. 

Multiple time limits are provided in addition to the specified time 
limit. Multiple time limits may be used providing that specified 
supplementary tasks are performed, with satisfactory resolution of 
any discrepancies. Supplementary tasks are idehtified by a suffix 
to the multiple time limit, and are listed below. Supplementary 
tasks must be accomplished within 500 hours prior to an item reach- 
ing its time limit, unless otherwise specified. Multiple time 
limits will not be used to routinely schedule services. They will 
be used only to alleviate difficulties in aircraft scheduling, as 
limiting time limits are approached. Reliability must be notified 
each time a multiple time limit J ' used. 

TOM 10-60-73 contains the policy and cedures for the Multiple 
Time Limits. 

SUPPLEMENTARY TASKS 

The task(s) number(s) will appear as Slash/Number after the multiple 
time limit in the appropriate publication. 

1. Review available log book activity for preceding 10 days to 
detect any deterioration related to this item. Accomplish 
within 225 hours of the item reaching its time limit, 

2. Review continued item and maintenance service item files for 
discrepancies related to this item. Accomplish within 225 
hours of the item reaching its time limit. 

3. Perform operational check to assure satisfactory functioning 
of components /systems related to this item. 

4. Perform a physical examination and shake check to determine the 
condition of this item. 

5. Perform an area level inspection of the area related to this item. 

6. Perform a detail level inspection of the area related to this 
item. 
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PROCESS 

1 

1 





1 


1 

1 



22 - AUTOFLICTT 





1 


1 



1 

1 

1 

1 

1 

1 

01 

Box, Accessory ffl, Avsto Flight 

TR-n 



C.M. 

X 

X 



X 

X 





l. 

02 

Box, Accessory ^*2, Auto Flight Control 

TR-0 



C.M. 

X 

X 

X 

X 

X 

X 





1 

02A 

Box, Accessory if'i. Auto Flight Control 

TR-0 



C.M. 


- 




** 





1 

03 

Clutch Pack Assemblv, Enalne Control 
See 747 5-2-2, Item 22-300 

TR-O 



C.M. 

X 

X 

X 

X 


X 





1 

04 

Accelerometer, Normal, Auto Pilot 

TR-0 



C.M. 

X 

X 

X 

y. 

X 

X 





fe* 1 

9 

04A 

Accelerometer, Lateral, Auto Pilot 

TR-0 



C.M. 


- 

X 

- 

- 

" 





*-• 

S i 

05 

Box Assy, Accessory Stab Trim 

TR-0 



C.M. 

1 

X 

X 

•X 

X 

X 












1 










IS 

n -9 
T* p> 

1 39 1 

06 

Computer, Auto Throttle 

TR-0 



C.M. 

X 


) 

} 

X 

X 





2 HJ »-» 
r3 cj> wo ^ 

1 

09 

Computer, Pitch 

TR-0 



C.K. 

J 

y 

) 

} 

) 

X 





cjn 

















rb ! 

12 

Computer, Roll 

TR-0 



C.M. 

> 

y 


3 

) 

} 
























U) 

A 
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KEVrtORD A*ND DESCRIPTION 


O o 

^ s 

5^. Ed- 


I 

T 

£ 

H 


H12D 


31 - INSTRUMENTS (cont'd) 
Accelerometer, Three (3) Axis. 

See 5-2-2 Item 31-302. 


12E 


Transmitter, Stabilizer Position. 
See 5-2-2 Item 31-302. 


!. 12F 


I 12G 


s> 

3 


I 12H 


Time Display Unit 
(1310003 J) 


Time Base Unit 
(1310003J) 

Transmitter, Control VIheel Position 
See 5-2-2 Item 31-302 


V 3 
' 13 

O (B 

Ji '^1 
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Ui 

o 


CJl 

t 

^D 

r 



’L- 


C 












ORIGINAL PAGE 13 
OF POOR QUALITY 


I 

T 

E 

M 


KEYWORD AND DESCRIP I iOH 


3 A - NAVIGATION Ccont'd') 


2A 


Battery, I1?S 


Bench Check 


25 Compass, Hajcnetic Standby 

26 Compensator-Remote Magnetic 
Compass 


27 


Computer, Central Air Data 
MPA 1340024J 


Cl 

3 


I 28 


Computer-Altitude Alert 





2P 


Computer - Central Instrument 
Uarninp 


n 


•« \ 
r» -Til 
tr P 
I 3Q 
^o n 

•U cy[ 

ON «wH| 


3n 

33 


Coupler, MaKnetic Compass 
Coupler, Sense, ADF 


CJ1 

I 


ND 



UJ 
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KEYWORD AHD DESCRIPTION 


TIME 

RECORD 

TYPE 


I 

T 

E 

M 


35 

34 - NAVIGATION fconC'd) 

Computer, Ground Proximitv Warning 
MPA 1340024J 

TR-0 

36 

Peed Assembly, Weather Radar Antenna 

TR“0 

40 

Indicator - True Airspeed 

TR-0 

42 

Indicator, Attitude Director 

TR-O 

45 

Indicator, DME 

m-0 

48 

Indicator, Gyro Horizon Standby 

TR-0 

51 

Indicator, Horizontal Situation 

TR-0 

54 

Indicator, Instant Vert. Velocity 

TR-0 


PAA CODE NO. 
OR 

PART HO. 





















ORIGINAL PAGE IS 
OF POOR QUALITY 


KEYWORD AND DESCRIPTIOH 


34 - NAVIGATION fcont'd 
57 Indicator-low Range Radio Altimeter 


RECORD OR PER 

TYPE PART NO. A/C 


EFFECTIVITY 

HAIHTENAHCE j, j,' 

s 

W C A 


PROCESS f f 

P 

2 

A I V 



_l. 




60 Indicator, Hach 

60A Indicator, Mach/Indicated Airspeed 

63 Indicator, Airspeed 

64 Indicator, INS Time To Go 

66 Indicator, RMI 

67 Indicator - Static Air Temp 


5* p 68 Indicator - Total Air Temp 
1 w 

vD Q 

X -iJ cn 
n 
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CJl 

I 

ro 


Tj 
tt n 

s w 

It) 

O O' 
so 

-vl 


tl 

S' 

I 

« 
•%. 
3 -H 
Cl O' 
I 


69 


70 


72 


75 


78 


81 


KEYWORD AND DESCRIPTION 


3A - NAVIGATIOK fcontM) 


84 


Indicator, Weather Radar 

* Bench Check 
HOTE-For Avianca Only: 

Overhaul at shop visit If removal 
date exceeds 24 months since last 
overhaul. 


Inverter - Solid State 


Fanel, Control ADF 


Panel, Control ATC 


Panel, Control VOR/ILS 


TIME 

IrecordI 

TYPE 


TR-0 


TR-0 


TR-O 


TR-0 


Panel, Control Weather Radar 
NOTE-For Avianca Onlv: Overhaul at 

shop visit if removal date exceeds 
24 months since last overhaul. 


Receiver, ADF 


TR-n 


TR-0 


TR-0 


maintenance 

process 





ORIGINAL PAGE 13 
OF POOR QUALITY 


4 


n 



! 

T 

E 

H 

KEYWORD AND DESCRIPTION 



34 - NAVIGATION fcont’d^ 

1 

87 

■Receiver, Marker 

1 

90 

Receiver, VOR/ILS 

* Benc'h Check 

! 

92 

Reflector-Weather Radar Antenna 

Cl 

93 i 

Sensor, Magnetic Field (Flux Valve) 

tD 



3 1 

o 

^ 1 

95 

Sensor, Total Air Tetap LH & RH 

1 

5- *d 1 

9fi 

Switch, Antenna VOR/ILS 

1 I 

3Q 

*s. to 
X Hi 
o ar ON 
>£3 

97 

Switch - Mach Airspeed Warning 

i 

CJl 

1 

^D 

-L 

99 

Transceiver, D>!F Interrogator 


Uj 
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PaRe 70 

Jan 10/77, Feli-9/?6' 


EFFECTIVm 



■ TIME ■ 

CODE NUMBER 

jQTY ; MAINTENANCE 

KEYWORD .A.sD DESCRIPTION 

RECORD I 

OR 

PER ■ PROCESS 

1 TYPE 

PART NUMBER 

^/c ■ 


3A - NAVIGAJTOK (co at'd) 

102] Transceiver, Low Range Radio Altineter 
I *Bench Check 


105 Transceiver, Weather Radar 


108 Transponder, ATC Beacon 


**Bench Check. FAA Mandatory. After 

January 1, 1976, ATC Transponders may not 
be used unless they have been Bench 
Checked vjithin the preceding 2A Calendar 
Months. 

(far's 91.177 A A3, Appendix F) . 

(1050020J) 


111 Unit , Control/Display INS 


jllllUnit, INS Mode Select 


illAICnit, Navigation IKS 


1 

! 

TR-O j 


1 

! 

C.M. 

A500* 

TR-0 



C.M. 

TR~i 

59652 

63A2A 

97637-101 

2 

2A 

Calendar 

Months** 





TR-0 



C.M. 

TR-0 



C.M. 

TR“0 



C.M. 



XXX- - X 
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SERVICE ITEM IIME LIMITS 


1 . General 


1. General 

2. Service Item Time Limits 

3. Deleted 


A,' This publication lists the service checks to be performed at routine 
service periods. Work Items must be scheduled for sccompilshment 
within the time periods shown. 


B. All reference to time limits means aircraft air time unless otherwiee 

’’ noted. 

C. Publication reference shows applicable Maintenance Manual publication 
containing specifications. 

D. In any item where a sampling program is raqiiired. the sampling time 
limit is to be conaidered ti>e limiting time limit, unless othen;ise 
specified in this publication, 

E. Wlxen an item in this publication is required Lo support the time limit 
of a component listed in the 7A7 aircraft 5-2-1 publication, a note to 
this effect Is inserted directly below the Item. Such items catiiiot be 
extended or deleted without considering the component time limit require- 
ment. 

F. Unless effectivity limitations are indicated, items are applicable to 
all airplanes listed under section 2.B. 

G. Multiple Time Limit 
Desc liption 

In order to fully utilize the time limits, l.e,, schedule as near to 
a limit as feaslole, a multiple time limit la eatabllched. 

Multiple time limits are provided in addition to the specified time 
limit. Multiple time limits may be used providing that specified 
supplementary tasks are performed, with eatlafactory resolution of 
any discrepancies. Supplementary tasks are identified by a suffix 
to the multiple time limit, and are listed below. Suppleoentary 
tasks must be accomplished within 500 hours prior to an item reaching 
its time limit, unless otherwise specified. Multiple time limits 
will not be used to routinely schedule services. They will be used 
only to alleviate difficulties in aircraft scheduling, as limiting 
time limits are approached. Reliability must be notified each tine 
an multiple time limit is used. 

TOM 10-60-73 contains the pol^cy and procedures for tiie Multiple 
Time Limits. 


EFFECTIVITV 

ALL 


5-2-2 

Page 1 
,Ait-ab 15/76 


ORIGINAL ?A&E is 
OF POOR qualek: 


357 
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1. G. Continued 

SUPPLEMEHTARy TASKS 

The task(s) number(s) will appear as Slash/Numbar after the multiple 

time limit in the appropriate pub.l ication, 

1. Review available log book activity for preceding 10 days to detect 
any deterioration related to this item. Accomplish within 225 
hours of the item reaching its time limit. 

2. Review continued item and maintenance service item files for 
discrepancies related to this item. Accomplish within 225 
hours of the item reaching Its time limit. 

3. Perform operational check to assure satisfactory functioning 
of components/systems related to this item. 

4. Perform a physical examination and shake check to determine 
the condition of this item. 

5. Perform an area level inspection of the area related to this 
item. 

6. Perform a detail level Inspection of the area related to this 
item. 


0 - 2-2 

Page 2 
i’eb 15/76. 


EFFECTIVITY 


ALL 
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Page 36 

Dec 13/76, Aug-a,«?6 


SERVICE/INSPECTION 


PUBLICATIOK 


TIME 

LIMIT 


EI-FLCTIVITV 


C 

I 


3it - NAVIGAIION 


6 Deieced MPA 1340024J 


7 Low range radio altimeter antenna and coaxial cable 
check. 

See 5-2-1 item 34-15. (2340004J) 

-0 Test the following ground proximity warning system 
functions : 

1 . Altitude rate 

2. Glide slope deviation 

#semple 5 aircraft. To he eligible as a sample, item 
must be scheduled at +0 -20% of the present time 
limit. T*or additional instructions on future schedul 
ing, reference General Section 1. D. , Page 1. 

MPft 234006J 

505 Check electrical bonding between the ADF antennas and 
aircraft structure. (2340002J1 


34-46-00 


4,000S 


X X X - X 


X X X X X 
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